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A HISTORY OF 
THE CORROSION OF THE 36-INCH STEEL FORCE MAIN 
AT AKRON, OHIO. 


BY G. GALE DIXON.* 


GENERAL REMARKS. 


In the choice between the use of cast-iron and of steel-plate pipe for 
large water-supply mains, the element of least certainty is the depreciation 
to be expected in the steel pipe due to corrosion. 

We are all familiar with certain classic cases of corrosion, the most 
thoroughly described of which was that at Rochester, N. Y.; but a great 
many cases must exist of which little or nothing is generally known — 
unfortunately, for the light which they might throw on a most: perplexing 
subject. 

We are told that the only salvation is absolutely to prevent the steel- 
plate from coming in contact with ground-water, yet we all know of steel 
pipe imperfectly coated which has lain in wet clay ground for years without 
trouble of any sort. 

To date we have a background of corrosion of steel pipe under various 
sets of conditions approximately as follows:— 

(1) Ground-Water Corrosion. I have heard of severe corrosion occur- 
ring on steel pipe at stream crossings in the Alleghenies due to mine drainage 
carried by the stream. 

(2) Corrosive Soil. Notes have recently appeared in the technical 
journals commenting on the corrosion of cast-iron pipe in alkali soils of 
Western Canada. 

(3) Rapid Localized Corrosion with the Passage of Relatively High 
Electric Current. The most striking case of this effect occurred at Pitts- 
burgh, Penn., where Mr. E. E. Lanpher reports that stray electric current 
amounting to about 2 000 amperes following a new 36-in. steel pipe to the 
vicinity of a power house, cut through the 3-in. plate within 90 days after 
putting the pipe in service. This condition was corrected by connecting 
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the pipe with the negative bus of the adjacent power house, with slight 
total damage. 

(4) Corrosion in Salt Marsh. At Atlantic City, N. J., cast-iron, 
steel-plate and wood-stave pipe were successively destroyed where the lines 
ran for three miles across salt marsh, the corrosion of the metal pipes and of 
the steel banding of the wood-stave pipe occurring about the upper portion 
of the circumference where air, water and vegetable matter met. Stray 
current was credited with no hand in the work, and the final measure in 
meeting the condition was the construction of a cast-iron line supported 
above ground by concrete piers. (70 Engineering News, 1046.) 

(5) “Auto-Electrolysis” or ‘‘Self-Corrosion” in Ordinary Grounds. At 
Rochester, N. Y., severe corrosion attributed to the combination of soil 
conditions and imperfections in coating and steel, occurred over several 
stretches aggregating about six miles in length in the 26-mi. pipe lines con- 
veying water to the city from Hemlock Lake. Corrosion was apparently 
confined to wet clayey soil. The corroded portions were scraped and re- 
painted, and the deeply pitted sections were patched by strapping new 
plates on the outside. 

Stray current was credited with no hand in this. (John F. Skinner, 
“ Steel Plate Pipe Conduit II,” published by City of Rochester, 1913.) 

The case at Portland, Oregon, was quite similar to that at Rochester. 
Serious corrosion was discovered over a two mile stretch of the 24-mi. Bull 
Run pipe line before the electrification of railways crossing and paralleling 
it. The line varies from 33 in. to 42 in. in diameter, and the plate from + to 
% in. in thickness. The worst corrosion was observed in very wet clay 
ground, relatively drier clay showing less active corrosion, and none occur- 
ring in sandy ground. Pitting was most concentrated on the sides and top 
of the pipe. 

The line was laid in 1893-4, serious corrosion was observed by. 1905, 
electrification of one adjacent railway was achieved in 1905-6 and of the 
other in 1913. 

In 1914 little weight was given the electric railways in corrosion effect, 
though steps were taken to prevent damage by them. (Report of U. S. 
Bureau of Standards, ‘Electrolysis conditions on Bull Run Pipe Line, 
Portland, Ore., 1914.’’) 

At both Rochester and Portland the soils and ground-waters were 
regarded as of not peculiarly corrosive character. 




























THE AKRON CASE. 






The case which is our present subject falls in none of these specific 
classes :— . 

It is that of a 36-in. lock-bar steel force main 11 miles long at Akron, 
Ohio, which after five years service evidenced very seVere corrosion in wet 
clay ground over a stretch less than a mile in length; mild stray current was 
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found flowing on the pipe and leaving it in the corroding area at a point 
three miles from the nearest trolley tracks, to follow a route of low resistance 
in the natural ground back to the equally distant power-house. 

A case possibly closely parallel is commented on by Herman Rosen- 
treter in the American Water Works Journal of 1917, in discussing a paper 
on Electrolysis by Prof. Ganz: — 


“ An electric railway running southwest from Paterson, N. J., is 
paralleled by a 42-in. main supplying Jersey City. A 42-in. and 48-in. 
main supplying Newark, N. J., intersects the railway and runs directly 
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away from the station-supplying current for the cars. A leak was reported 
in the Newark main in a swamp about 3} miles from the railway crossing. 
Investigation showed that the main was carrying 20 amperes at the break 
and only 2 amperes several miles beyond, and tests made on the main 
when the cars were not running showed that there was a slight current in the 
reverse direction, thus showing that stray electric currents are found about 
eleven miles from the power station.” 


General Description of the Pipe Line. 

This pipe line was constructed in 1913-1914 under the direction of 
F. A. Barbour and E. G. Bradbury, Consulting Engineers for the City of 
Akron; a most thorough-going supervision was maintained on all processes, 
from the records of which much of the following matter is drawn. 
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As indicated in plan on Plate I (following this paper) the line lies almost 
straight to the northeast from the city limits to the pumping station, cross- 
ing the Cuyahoga River at a point somewhat more than midway of its 
length. : 

It runs through open farming country for the most part, the portion 
south of the river-crossing following a country road except for a detour to 
avoid a high knoll, while the northerly portion is laid in private right-of- 
way through the fields. 

It will be observed on the profile of Plate II that the terrain traversed 
by the line differs markedly both in topography and in geological character- 
istics on the opposite sides of the river: To the north of the river the line 
follows quite closely the water-shed line of a gently sloping surface, and is 
laid practically in its entirety in sand and gravel, with occasional ad- 
mixture of small proportions of clay; while to the south of the river it 
climbs through the more steeply rolling clay ground classed on the geological 
maps as the northerly edge of the “ coal measures,” encountering a little 
shale rock and crossing numerous small drainage channels, the largest of 
which is in the corroding area just to the southwest of Tallmadge Center, 
and drains country extending a mile back of the pipe-line. 

The pipe was manufactured by the East Jersey Pipe Co. at Paterson, 
N. J., of plates ranging generally in thickness from } inch at the southerly 
end of the line to ? inch at the northerly end. In cases of heavy cover over 
the pipe, thicker plates were used. 

The plates are-of open-hearth steel, approximately the grade of ““Flange 
Steel,” rolled by the Carnegie Steel Co.; ‘mill tests compared with specifi- © 


cation requirements as follows: — 
Specified Range of 
Limit Test Results 


Carbon 0.12 to 0.20% 
Phosphorus 0.05% 0.01 to 0.038 
Sulphur 0.05 9.025 to 0.04 


Silicon v.05 
Manganese 0.50 0.30 to 0.50 


Ingot tops were cropped to sound metal, the discard reported by the 
mill inspector on 17 per cent. of the ingots averaging 27.3 per cent. by 
weight, and ranging from 20 per cent. to 80 per cent. 

Mill and shop inspection was performed by the Pittsburgh Testing 
Laboratory, in continuous consultation with Mr. Barbour. 

The plates were ‘‘pickled” to remove mill-seale by soaking for one 
hour in 10 per cent. sulphuric acid solution, followed by dipping three times 
in soda ash solution and an equal number of times in constantly changing 
water. : 
The finished pipes were thoroughly cleaned before dipping. 

The specifications provided for coating the pipes by dipping in hot 
“coal tar pitch varnish,” but this material was used on only about a half- 
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mile of the line owing to the difficulties encountered in so controlling the 
mixture and the temperature of bath and pipe that the resulting coating 
would neither flake at low temperature nor run at high. The remainder 
of the line was coated with “Pioneer Mineral Rubber,” manufactured by 
the American Asphaltum and Rubber Co. 

Delivery of the pipe on the ground was effected between November . 
21, 1912 and April 23, 1913. Pipe laying was started in May 1913 and 
completed in July 1914, so all of the pipes were exposed to the weather of 
practically a full winter season, while the tar-coated material between 
Stations 27 and 55 lay out through two winters. 

A peculiarity noted in regard to the mineral rubber coating was the 
breaking down of the material on the exterior of the pipe where it had lain 
for long in contact with the sod, entailing considerable repair work. 

In the spring and summer of 1914, inspection of the completed pipe 
showed considerable failure of the interior coating by coming loose, espe- 
cially near the field joints; the line was thoroughly gone over, all loose 
coating removed, the steel cleaned, and two coats of commercial metal paint 
applied. . 

The line was put in service in August, 1915, since which date it has 
been in continuous service supplying filtered water to the city. 


Corrosion Discovered. 





In May, 1919, the pipe was uncovered at eight different points in wet 
clay ground south of the river-crossing, for the purpose of examining the 
condition of the exterior surface in connection with the preparation of _ 
specifications for a proposed paralleling line. In all cases the condition 
was found to be good; coating in some spots was brittle and in others thin 
or easily removed, but no pitting was observed nor rust under loose coating. 

Several other inspection pits were dug later north of the river, exposing 
equally good conditions. The location of all these excavations are indi- 
cated on the profile of Plate IT. 

In November 1919, interior inspection of the pipe at a point about 1 000 
ft. southwest of Tallmadge Square (Sta. 440) disclosed two holes eaten 
through the plate as the source of leakage which had been observed for 
some time on the surface, but which had been attributed to ground water. 
These holes were plugged from the inside and a sixty foot stretch of the 
line was then uncovered, showing a very severe condition of corrosion 
which is illustrated in the photograph in Plate IIT. 

The chalk figures appearing on the pipe in Plate III register the 
measured depths of the larger pits in hundredths of an inch. 

Three or four times as many pits were observed above the horizontal 
center line than below. ; 

The corrosion phenomena inside and out conformed with what has been ~ 
most excellently described at Rochester and Portland. Inside, the original 
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coating showed numerous blisters from $ to 14 inch in diameter, which 
when punctured and removed disclosed bright steel with a slight roughness 
in the center; in other places tubercles were found covering shallow “saucer 
shaped” pits. On the exterior, the ‘cup shaped” pits usually contained 
at the bottom a small quantity of material resembling white lead paste, 
though in some cases a pale brownish color was observed. 

In several places long shallow pittings apparently followed where the 
coating had been scratched bya pick or shovel in back-filling, and in another 
case near the end of a pipe a similar condition had followed abrasion due 
to the cable sling with which the pipe was handled. 

The excavation was held open for some time, and the conditions were 
observed by Mr. Frank Wilcox, Engineer for the T. A. Gillespie Co., Mr. 
W. R. Veazey, Professor of Chemistry at Case School of Applied Science, 
Cleveland, Mr. E. E. Lanpher, Engineer of Distribution of the Pittsburgh 
Water Department, and Mr. L. G. Tighe, Superintendent of Power for the 
local traction company. 

A volt-meter test over the exposed pipe showed a considerable flow 
of current to be occurring on it. ; 

To date a total of nearly 20 holes in the plate have manifested them- 
selves by leakage appearing on the surface, all in the vicinity of Tallmadge 
Center (between the Erie Railroad at Station 400 and the brook at Station 
445); these have all been plugged from the inside. 


Comments by Professor Veazey. 


The following extracts from a report on the matter by Prof. W. R. 
Veazey summarize his views:— 


“The soil in which the Akron water main is laid, insofar as I have seen 
it, seems to consist of sand, clay, shale, ashes and various combinations of 
these. In general the soils are wet and have a tendency to hold water. 
Such soil conditions are very favorable to pipe corrosion either by galvanic 
action or by stray electric currents. Without going into detail, it is my 
opinion that a soil survey will be of little value except to confirm the state- 
ment I have just made that the general soil conditions are favorable to 
rapid corrosion of steel pipe.” 

* * * 

“According to the geological map, you may expect to find glacial drift 
anywhere along the present pipe line except at Tallmadge, and for a distance 
of from one-half to one mile on either side of Tallmadge in the direction of 
the pipe line. At Tallmadge and vicinity you will likely find pyrite bearing 
shales and clays which are extremely favorable to corrosion of steel for the 
following reason: Pyrite is a sulphide of iron which is readily acted on by 
water and air to form the soluble salt ferrous sulphate (green vitriol) and 
also free sulphuric acid. The ground waters in the vicinity are nearly 
always impregnated heavily with the above salts and sulphuric acid. Since 
such ground waters are extremely favorable to the process of corrosion, any 
contact of the steel with such shales or clays or ground water coming from 
such shale or clay must be absolutely avoided.” 

* * * 
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“Steel, if kept dry, will not corrode. Although this condition probably 
cannot be absolutely maintained in a practical way, yet the more nearly it 
is approached, the longer will be the life of the pipe line. There are two 
ways of obtaining results in this direction, both of which should be applied: 
Efficient under drainage of the ditch in which the pipe is laid and a proper 
paint or protective coating for the steel.” 
* * * i 

“With reference to the kind of protective coating to be used on steel 
pipe: Insofar as my present information goes, the best protection is to paint 
the steel after it has been completely freed from mill scale, with red lead 
and oil, giving it two coats, and then’ after the pipe has been laid, an 
additional two coats of the same paint should be applied. I am of the 
opinion that the Bitumen coating which has been applied to your present 
36-in. line is not beneficial in the long run because, although when new it 
may protect the steel from moisture, it has a tendency to become porous and 
spongy with age and then acts in the opposite way and retains moisture and 
thus actually stimulates corrosion. You will find evidence of this in spots 
where the Bitumen coating is blistered or raised up by the corrosion deposit 


underneath it.” 
*x* * * 


“With reference to stray electric currents from power houses and power 
lines: Such currents should of course be eliminated by discovering their 
source and breaking the electrical connection, but this certainly is not 
the chief cause of corrosion on your steel line, even though it may be a 
contributing factor. Eliminate wet conditions along the line and this 
factor will drop out.” 


Electrical Conditions. 


Mr. E. E. Lanpher, who has had a long experience in electrolysis and 
corrosion at Pittsburgh where much steel pipe is in use, was retained in 
an advisory capacity: owing to ‘his many duties he was unable to follow 
the work actively in the field. 

Referring again to the map of Plate I, it is to be observed that the city 
and interurban lines of the Northern Ohio Traction and Light Co., swing a 
rough are to the northwest of the force main, the Akron-Kent-Ravenna 
line crossing it about a mile and a quarter beyond the river-crossing. 
The various substations are also shown, as well as gas mains. 

It is to be noted that the location of observed corrosion is at a sort of 
focal point of all the obvious natural and artificial features of the locality — 
a high tension line passing right through the center of the affected area is 
not shown, as all thought of its influence was early discarded. 

In December 1919 a milli-voltmeter survey of the pipe-line made with 
wires about 1000 ft. long stretched between access-manholes indicated 
a current flow of about 20 amperes from Akron toward the corroding area 
at Tallmadge, and continuing on toward the point of crossing of the trolley 
line near Kent in about half that quantity; from the trolley crossing to the 
pumping station the current was much smaller in quantity and with quite 
rapid and uniform reversal of direction. The flow between Akron and the 
trolley crossing of course reversed at intervals, but there was evident a 
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definite flow toward the Kent substation. Following this survey, the 
traction company went over the rail-bonding of its interurban lines, which 
was in bad shape, and an appreciable improvement in conditions was noted. 

At the suggestion of Mr. Lanpher, a bond between the pipe and the 
rails near the Kent substation was inserted for test purposes, but was not 
put in regular use as it made the condition at Tallmadge worse. 


Soil and Ground-W ater Analyses. 


Soil samples taken at the level of the pipe line were gathered from 23 
test pits scattered over the length of the line, and the results of tests for 
“Free COQ,” and “Bi-carbonate Alkalinity expressed as CaCO,” are shown 
graphically in the lower part of the profile, Plate II. Marked difference be- 
tween the conditions on opposite sides of the river is here again apparent, 

Ground water samples were also analyzed with the following results: 


Sample No. (See Plate IT) 1 2 3 4 
Location Sta. 239 Sta, 295 Sta. 370 Sta. 440 
Character of Soil Yellow Clay Yellow Clay Clay Fil ~ 
Character of Vegetation.... Road Grass Wheat Road 
10.0 ppm 5.0 ppm 6.0 ppm 10.0 ppm 
276.0 ppm 3.5 ppm 5.0 ppm 128.0 ppm 
34.0 ppm 7.0 ppm 20.0ppm 28.3 ppm 
0.2 ppm 0.24 ppm 6.0 ppm 


Sample No. 4 was from the excavation for inspection of the corroded 
pipe near Tallmadge. 


Repair of Exposed Pipes. 


The two corroded pipes which had been uncovered for examination 
were finally carefully cleaned, the deeper pits flushed up with metal by the 
oxy-acetylene flame, and the pipes were painted with ‘““Hermastic Primer” 
followed by “Hermastic Enamel” applied hot. The trench was under- 
drained and backfilled with clean sand and gravel. 


Mr. E. E. Brownell’s Report. 


In August, 1920, Mr.-E. E. Brownell, a consulting engineer employed 
by the Akron City Council to advise in the framing of a new traction fran- 
chise, was requested by the Council to review the situation in regard to 
electrolysis; he made a volt-meter survey of the city lines and the force- 
main, and the following excerpts regarding the force main are taken from 
his report of December 24, 1920:— 

“The electrolytic condition of the 36-in. steel force main is one of the 
most intricate that the writer has experienced in many recent years of 
experience. It is almost unbelievable how far distant the operation of the 
various substations influences the electrolytic condition of this valuable 


water artery.” 
* * * 
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“Everything is in favor of steel or wrought-iron force main construc- 
tion, if the coating features are respected and due care and consideration 
be employed during such construction, so as not to permit the coating to 
become broken or abrased. This is the whole secret of steel force main 
protection. The electrolytic conditions should be corrected immediately 
upon the completion of the installation and all valves bonded over with 
heavy copper cables, so as to render impossible electrolytic action at an 
unintentional insulated pipe joint.” 












Report of Mr. E. E. Lanpher. 


With all of the data as previously outlined at hand, and after several 
brief inspection trips on the ground, Mr. E. E. Lanpher, Superintendent of 
Distribution of the Pittsburgh Water Department, gave final advice under 
date of March 29, 1921, as follows:— 







“No one of the soil analyses shows a dangerous content from a galvanic 
action standpoint. Practically the same statement is made in regard to 
the water analyses; for while it is true that the chlorine, nitrate and car- 
bonie acid content would indicate a slight galvanic action, I am of the 
opinion that this action would not be serious where positive electric currents 
were absent. With such currents absent I would not hesitate to lay steel 
pipe under the conditions as shown by these analyses and with the expecta- 
tion that a coating of concrete or extensive drainage operations would be a 
poor investment. 

“There is no doubt in my mind that the soluble salts and the carbonic 
acid present in all the clay and in the coarser gravel soil will account for 
considerable electrolytic and accelerated galvanic deterioration where the 
soils are wet and in presence of positive electric current. Where the soil 
is dry these salts and acid do not appear to be present in sufficient quantity 
to account for great electrolytic damage under present positive current 
flows. I believe, however, that some deterioration will be found in the 
so-called dry soils, and it is certain that the positive current flows will 
increase as the power station loads are increased. In fact, it appears that 
in dry soils very little galvanic or electrolytic damage is in evidence at the 
present time :— not enough to warrant large expenditures for pipe coating. 

“There is nothing in the soil and water analyses submitted to change 
my opinions under date of January 27th, 1921. I am still of the opinion 
that prompt action must be taken to eliminate all zones of positive electrical 
potential and that this action will render the steel pipe practically safe 
except possibly in the low ground near Tallmadge; and even at this point 
it would be advisable to defer coating operations providing electrolysis 
mitigation work could be started at once.” 


























Investigations Directed by Crecelius and Phillips. 


Owing to Mr. Lanpher’s inability to spare the time to trace down and 
correct the complicated electrical conditions the services of Crecelius and 
Phillips, Consulting Electrical Engineers of Cleveland, were secured for 
this purpose early in March, 1921. 

Mr. L. P. Crecelius is a member of the “American Committee on 
Electrolysis,” representing the American Electric Railway Association, 
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and Mr. Victor B. Phillips served as his alternate on one of the sub-com- 
mittees. 

Mr. Phillips is covering the later features of the investigation in 
thorough manner in a paper which follows this, entitled “Mitigation of 
Electrolysis on Steel Force Main at Akron, Ohio,”’ but to make the record 
here complete a very brief statement of results will be made. 

Three series of tests were made on March 9, 10, 11; April 18, 19; and 
June 11, 1921. In all of these the engineering force of the Northern Ohio 
Traction and Light Co., under Mr. L. G. Tighe, Superintendent of Power, 
codperated to the fullest extent, and at the second test Mr. E. R. Shepard 
of the U. 8. Bureau of Standards also assisted with special instruments 
developed for the purpose by that organization. 

Additional soil samples were also taken and submitted to the U. S. 
Department of Agriculture and to the Bureau of Standards for analysis. 

The first two tests indicated mild stray current flowing on the pipe 
line toward Tallmadge from both ends, leaving the pipe in the corroding 
area, to follow some line of low resistance in the ground. The Northern 
Ohio Traction & Light Co. during the months of April and May, succeeded 
in putting its system in electrical balance with the force main by re-bonding 
its tracks in the vicinity of the Gorge, High Street and Brittain sub- 
stations, and installing an insulated negative feeder on North Hill. This 
balanced condition was demonstrated by the tests of June 11, and the 
following quotation from Crecelius and Phillips’ final report of June 23, 
1921, gives a full summary of their conclusions: 


(1) “That electrical conditions on the system of the Northern 
Ohio Traction & Light Co. are at this time so balanced as to elimi- 
nate the presence of current in serious quantities on the steel force 
main. 

(2) ‘‘ That there exist no geological formations that may serve as a 
natural battery with resultant galvanic currents. 

(3) ‘* That there is no danger from soil corrosion. 

(4) ‘ That there exist local galvanic currents due to presence of 
scale and also possibly to differences in the composition of the metal; 
and that the mains should be inspected from time to time to de- 
termine the seriousness of such local galvanic currents. 

(5) ‘ That periodic tests to determine current flow on force mains 
should be made in the future and that permanent test stations for 
such measurement may be installed to advantage. 

(6) “ That conditions are such as to permit the use of steel pipe 
without unusual danger (especially inasmuch as cast-iron pipe has 
already been laid in the dangerous area near Tallmadge).”’ 


Construction of Paralleling Line. 

The investigations as outlined were of especial urgency and importance 
in connection with the determination of policy to be pursued in connection 
with the construction of a paralleling 48-in. line demanded by Akron’s 
rapid growth. 
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Before the corrosion at Tallmadge had been discovered, the second 
line had been constructed of lock-bar steel pipe from the city to the southerly 
end of the corroded portion. 

In 1920 the northerly four and a quarter miles from the river-crossing 
to the pumping station was also built of steel, as by that time a firm belief 
had been established that there was nothing to fear in that part of the line. 
During the same season start was made in laying about 0.9 mile of 
paralleling cast-iron pipe through the corrosion area. 

Before the contract was advertised, in the spring of 1921, for the remain- 
ing 3.2 miles from Tallmadge Station to the river-crossing, practically final 
conclusions of the investigations herein outlined had been reached, and this 
portion was constructed of steel. 

All of the steel pipe in the second line was coated with “Hermastic 
Pipe Dip.” 


SoME QUESTIONS. 


Would not a thorough-going compendium of steel pipe experience, 
gathered through the agency of one of the Water Works Associations, be 
well worth its trouble? 

In the recent past, the excess cost, in the ground, of large cast-iron pipe 
over that of steel-plate pipe has ranged around 50 per cent., even in the 
East; but this handicap will probably be materially overcome in the near 


future and the expectancy of life of steel will have to be more closely 
estimated. 

If such a digest were undertaken, special consideration should be given 
to uniform graphical representation of the surrounding conditions bearing 
on corrosion. 

Another item worthy of a digest is the sudden rupture of large pipes, 
both cast-iron and steel; breakage of cast-iron pipes has been quite fully 
covered at Detroit, Cincinnati and New York, and occasionally we hear of 
similar occurrences in steel pipes. Freedom from such rupture is com- 
monly credited as one of the strongest points in favor of steel, but we should 
have a history of the subject on record. 

There are various questions in the design of steel pipe lines which are 
still somewhat open :— 

(1) Location of justifiable use — in the country only, or also for 
primary feeders in the distribution system of the city? 

(2) And in the country, does the saving in cost of acquiring private 
right-of-way justify the laying of pipe in a convenient highway, with its 
attendant later troubles in repair? 

(3) What of water hammer? Very definite policies are laid down for 
cast-iron pipe on this point.. 

(4) For what condition should air valves be proportioned? 

(5) The theoretical analysis of a pipe to withstand internal water 
pressure is simple, and safe depths of cover for given diameters of pipe and 
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thickness of plate have been worked out. But in various places we see 
steel pipe used at a minimum plate thickness of } inch, selected purely on 
the basis of general judgment. Do the uncertainties justify the narrowing 
of limits of plate thickness down to conform somewhat with the various 


classes of cast-iron pipe? 
(6) Should a steel pipe line be rigidly anchored, or should it be left 


free to ‘‘breathe’’? 
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INVESTIGATION OF ELECTROLYSIS. 


INVESTIGATION OF ELECTROLYSIS ON STEEL FORCE MAIN 
AT AKRON, OHIO. 


BY VICTOR B. PHILLIPS.* 


[Read March 1%, 1922.] 


INTRODUCTION. 


In his paper before this meeting, Mr. G.'Gale Dixon has outlined in a 
general way the history of the Akron Steel Force Main and the conditions 
which finally led to the retention of the firm of Crecelius & Phillips for the 
purpose of investigating the electrolytic conditions. The map on page 169 
shows the 36-inch steel force main leading from the Earlville Pumping 
Station tothe reservoir in the city of Akron, a distance of about eleven miles, 
and the location of the electric railway tracks, substations, gas mains, steam 
railroad tracks, and the principal city water main connections to the force 
main. Rather serious corrosion of the main had been discovered imme- 
diately west of the town of Tallmadge and at no other place. It will be 
noted that this point is more than three miles from the nearest electric 
railway tracks. It is also at considerable distance from either of the 
large gas mains that might possibly have been contributing factors. The 
town of Tallmadge comprises only a few houses and there is nothing in 
the town in the way of underground structures or electrical circuits that 
might have had some effect upon the force main. In a word, the cor- 
rosion was found at perhaps the one point on the main where it might 
least have been expected. For these reasons it was not at all apparent 
at the outset that the corrosion was due to electric railway current, and 
it was necessary to carefully consider all of the possible causes other than 
railway stray current. The case is distinctly unique, and the questions 
considered and the procedure followed in diagnosing the cause of corrosion 
and providing for its correction are, therefore, of more than ordinary 
interest. ° 

In studying the case, the following causes of corrosion were investi- 
gated: 

(a) Railway Current 

(b) Soil Corrosion 

(c) Small Local Galvanic Currents. 





* Of Crecelius & Phillips, Consulting Engineers, Cleveland, Ohio. 
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Raitway CURRENT. 


Preliminary tests upon the force main showed that current was flowing 
away from Akron in the direction of Tallmadge to the extent of about 20 
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amperes at the time of the railway peak load. It was also found that there 
was some slight flow of current from Kent toward Tallmadge, although this 
current frequently reversed direction. Potential readings were taken be- 
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INVESTIGATION OF ELECTROLYSIS ON STEEL FORCE MAIN 
AT AKRON, OHIO. 


BY VICTOR B. PHILLIPS.* 


[Read March 14, 1922.] 


INTRODUCTION. 


In his paper before this meeting, Mr. G.'Gale Dixon has outlined in a 
general way the history of the Akron Steel Force Main and the conditions 
which finally led to the retention of the firm of Crecelius & Phillips for the 
purpose of investigating the electrolytic conditions. The map on page 169 
shows the 36-inch steel force main leading from the Earlville Pumping 
Station tothe reservoir in the city of Akron, a distance of about eleven miles, 
and the location of the electric railway tracks, substations, gas mains, steam 
railroad tracks, and the principal city water main connections to the force 
main. Rather serious corrosion of the main had been discovered imme- 
diately west of the town of Tallmadge and at no other place. It will be 
noted that this point is more than three miles from the nearest electric 
railway tracks. It is also at considerable distance from either of the 
large gas mains that might possibly have been contributing factors. The 
town of Tallmadge comprises only a few houses and there is nothing in 
the town in the way of underground structures or electrical circuits that 
might have had some effect upon the force main. In a word, the cor- 
rosion was found at perhaps the one point on the main where it might 
least have been expected. For these reasons it was not at all apparent 
at the outset that the corrosion was due to electric railway current, and 
it was necessary to carefully consider all of the possible causes other than 
railway stray current. The case is distinctly unique, and the questions 
considered and the procedure followed in diagnosing the cause of corrosion 
and providing for its correction are, therefore, of more than ordinary 
interest. ° 

In studying the case, the following causes of corrosion were investi- 
gated: 

(a) Railway Current 

(b) Soil Corrosion 

(c) Small Loeal Galvanic Currents. 





* Of Crecelius & Phillips, Consulting Engineers, Cleveland, Ohio. 
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Rattway CURRENT. 


Preliminary tests upon the force main showed that current was flowing 
away from Akron in the direction of Tallmadge to the extent of about 20 
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amperes at the time of the railway peak load. It was also found that there 
was some slight flow of current from Kent toward Tallmadge, although this 
current frequently reversed direction. Potential readings were taken be- 
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tween the force main and all metallic structures crossing it, viz: two gas 
mains and several railroad crossings. These voltage drops were found to 
be small, of the order of one volt or less,and apparently independent of the 
railway load and the magnitude of current on the main: It was, therefore, 
concluded that these structures had no bearing on the case. 

In order to determine the potentials causing the flow of current on the 
force main, voltage measurements were taken for 24 hours between the 
several railway substation negative busses and the force main at Tallmadge 
and at the Akron end. By means of these voltage readings it became pos- 
sible to locate the point of minimum negative potential and thus to estab- 
lish the path of the current. These readings are presented graphically on 
the accompanying curve sheet. They show that the negative bus at the 
Gorge Substation was the most negative point in the area under considera- 
tion. This fact served to indicate that the current which was apparently 
leaving the force main near Tallmadge was returning to the Gorge Substa- 
tion. This fact, however, in itself could not be considered as conclusive 
evidence, inasmuch as it appeared unlikely that there was sufficient voltage 
difference to cause this current to flow directly across country for a distance 
of more than three miles. 

In order to get a direct indication of the flow of current from the main 
into the earth in the locality of the corrosion, a 24-hour record was taken 
of the millivolt drop between two non-polarizable electrodes buried in the 
ground about eighteen inches apart and at right angles to the axis of the 
main, with one of the electrodes very close to but not touching the main. 
This potential gradient record is shown at the bottom of the curve sheet 
referred to above. It will be noted that the characteristic peaks and 
valleys of the curve, showing the voltage drop between the water main at 
Tallmadge and the Gorge Substation negative bus, are quite regularly 
co-incident, the only exception being between 1.00 a. m. and 2.00 a. M., — 
when the High Street Substation negative bus became temporarily the 
most negative point on the system. At this time the flow of current in 
the earth near the force main reversed, as might reasonably have been 
expected. This information showed quite conclusively that there was a 
flow of current off of the force main in the Tallmadge area and that this 
flow was a function of the potential drop from the force main to the Gorge 
Substation negative bus. 

A study of the geology and topography of the country between 
Tallmadge and the Gorge Substation disclosed the fact that there was an 
almost continuous low resistance path, due to creek beds and wet ground. 
The current was simply following this path. 

Having established the fact that there was a measurable flow of 
current off the force main near Tallmadge directly across country to the 
Gorge Substation, it was then necessary to determine the reason for the 
current taking this long, roundabout and comparatively high-resistance 
path. At least one contributing cause was found to have been in the 
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rather long stretch of poorly bonded track between the High Street Sub- 
station and the Gorge Substation. Thus, a certain part of the power 
originating in the Gorge Substation positive feeders had to find its way back 
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to the Gorge Substation negative bus by another path than the high- 
resistance rail circuit. This increment of current then followed the tracks 
of the railway system into the High Street Substation and thence through 
a bonded connection into the city water system and into the steel force 
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main. It should be pointed out that the route followed by the railway, as 
well as the City of Akron, is all on high well-drained and consequently 
dry ground, so that there were no low-resistance ground paths by which this 
current might have taken a shorter route to the Gorge Substation. 

With the above information, it became a simple matter to eliminate 
the flow of current on the force main. This was done by thoroughly bonding 
the tracks, especially in the locality mentioned above, and by running out a 
negative feeder from the Gorge Substation, in the direction of High Street. 
This feeder was not tied to the tracks for a distance of three thousand feet, 
although the connection between the Gorge negative bus and the track 
at the substation was retained. In this way a part of the return circuit 
drop was transferred to the negative feeders with the result that the 
potential of the tracks was raised considerably. These mitigative measures 
served two purposes, viz: to provide. a metallic return circuit of higher 
conductivity, and to reduce the potential drop between the force main 
at Tallmadge and the Gorge Substation. In this way an electrically bal- 
anced condition was obtained, and although the flow of railway current has 
not been entirely eliminated, it has been cut down to a negligible value, 
with continually reversing polarity. 


TESTING EQUIPMENT AND PROCEDURE. 


Due to the unusual conditions that prevailed, it was found necessary 
to exercise extreme care in the testing methods employed. For the pur- 
pose of taking millivolt drops along the force main, special contactor rods 
were made up. These rods were of steel and had a twist drill welded to one 
end. The rods were heavily insulated with shellaced tape the entire length 
up to within one-eighth of an inch of the drill point. The purpose of this 
insulation was to prevent contact with the earth and thus to eliminate any 
galvanic potentials that might be set up as a result.. The foree main was 
reached by first driving down heavy bars and then inserting the contact 
rods in the holes made in this way. It was found necessary to use a milli- 
volt meter of extremely high resistance in order to get accurate current 
determinations. Inasmuch as the potential readings along 15 feet of the 
main were but a fraction of a millivolt, due to the size of the main and the 
small magnitude of the current, it is apparent that these readings had to 
be taken with great care, since the slightest galvanic potentials would have 
completely vitiated the results. 

The non-polarizable electrodes used in this work are of some interest. 
It was necessary that these electrodes be of low resistance. This was 
obtained by the construction shown in the accompanying cut. It will be 
noted that this type of non-polarizable electrode is very simple to make up. 
The copper terminal is formed from the lead wire by removing the insula- 
tion and doubling the wire back a number of times in order to get a large 
contact surface. In this way a welded or soldered joint is eliminated, the 


} 























PHILLIPS. 175 





latter type of joint being particularly undesirable because of the galvanic 
or thermocouple effects. The lead wire is brought out through a cork stop- 
per, the junction being made watertight. The container, in which is placed 
a saturate solution of copper sulphate, is nothing more than an ordinary 
porous cup such as that frequently used in the laboratory. 
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Non-POLARIZABLE ELECTRODE. 


Mr. Burton McCullom of the United States Bureau of Standards has 
recently developed a new instrument for measuring directly the flow of 
current in earth and also the resistivity of earth. After preliminary tests 
had been conducted on the Akron force main, as previously indicated, we 
requested the use of this instrument of the Bureau of Standards, and Mr. 
E. R. Shepard of the Bureau went to Akron and checked our observations 
by means of the new current measuring instrument. In connection with 
this instrument a very high-resistance millivolt meter (2 500 ohms) is used. 
This millivolt meter was used to check the current observations on the force 
main. 

The recording millivolt meter used with the non-polarizable electrodes 
was of comparatively low resistance, so that the millivolt readings are not 
accurate,.at least for the determination of actual current. They do, how- 
ever, serve the purpose of showing the variations, which was all that was 
desired. 
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Sort CoRROsION. 


With a view to determining the possible existence of soil conditions 
that would corrode the steel pipe, a number of soil samples were taken in 
the affected area and sent to the Bureau of Soils of the United States Depart- 
ment of Agriculture. It may be of interest to quote from a letter re- 
ceived from Mr. Milton Whitney, Chief of the Bureau of Soils, in which are 
reported the results of soil analyses. 


The analysis of the water soluble constituents follow: 


Total Solidsat 110°. ........ ee ea 670 parts per million 
Total Solids ignited................. 560 parts per million 
Total Solids by electric bridge........ 570 parts per million 
Spe Seca Sen pecans SCRE see None 

WRADS 5 os is ee ce ee ee 175 parts per million 
ee SE eS SSA 3.5 parts per million 
Se aba te tna Ne NAR Bae 208 parts per million 
OE ico vbw coe ede nC ee as 200 parts per million 
|} RGAE ren > apt eey Pros ae. Sree 39.5 parts per million 


“The amount of iron in solution was too small to be accurately deter- 
mined, but the drying of the soil would probably oxidize and precipitate 
any iron that might have been in the solution when the sample was taken. 

“There were no sulphides in the soil that we could detect, nor any 
indication of an acid condition in the soil solution other than that caused by 
carbon dioxide. 

“There is an unusually large amount of calcium sulphate in this 
sample of soil and more magnesium sulphate than normal. The presence 
of this abnormal amount of soluble-salts would accelerate soil corrosion and 
also electrolysis by giving a higher conductivity to the soil solution.” 


With a view to getting still further information on the subject of soil - 
corrosion, Mr. Whitney’s letter was quoted in a letter addressed to the 
Bureau of Standards, in reply to which the following was received: 


“T do not know that we can add anything to Mr. Whitney’s comments 
relative to the corrosive action of this soil. Until a large number of cor- 
rosion tests have been made on soils of different compositions we could only 
guess as to the effects of the chemicals contained in the Akron soil. So far 
as our knowledge goes, they do not appear to be of a particularly corrosive 
nature. More than a year ago we proposed to the Research Sub-Committee 
a program along this line, but nothing has been done up to date as you know. 
It would require tests, in some cases, extending over a period of years and 
the Bureau will not be able to undertake them until more funds are avail-. 
able. 

“We believe that a resistivity measurement would throw more light 
on the questions of soil corrosion and electrolysis than will the chemical 
analysis. Not only is a high conductivity conducive to electrolysis, but it 
undoubtedly has an important influence on galvanic corrosion as well. 

“We have found earths to vary widely in resistivity. Humus from New 
Orleans has a very low resistivity in the order of 800 ohms for one centi- 
meter cube, while earth in this vicinity will vary from 5 000 to 15 000 ohms 
per centimeter cube. Ordinary clay soil will run from 1 000 to 4 000.” 
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Soil samples were also sent to the Bureau of Standards for determina- 
tion of resistivity. Mr. E. R. Shepard oi the Bureau of Standards re- 
ported on these samples as follows: 

“We have made electrical conductivity measurements on it with the 
following results: After removing stones and coarse matter the sample was 
saturated with distilled water. In this condition it had a resistivity of 
3 890 ohms for 1 em’. This soil appears to be, so far as resistivity is con- 
cerned, a normal clay soil with a resistance somewhat above the average 
for that character of soil. 

Black loam from New Orleans had a resistance of about 600 ohms, 
and that from the downtown section of St. Louis about 900 ohms. Several 
samples of soil collected from:Des Moines, Iowa, had an average resistance 
of about 1 800 ohms. Clay soil from Pittsburgh had a resistance of about 
2500 to 3.000 ohms. Philadelphia clay soil will run somewhat higher than 
these values, and the red earth around the Bureau of Standards has a resist- 
ance of 15 000 ohms and upward. 

“As compared to other soils, therefore, the Akron soil does not appear 
to be in any way unusual.” 


The above reports, both by the Bureau of Soils and the Bureau of 
Standards, showed, insofar as the matter was subject to determination, © 
that there was comparatively little likelihood of soil corrosion. It should 
be pointed out, however, as stated in Mr. Shepard’s letter, that the entire 
subject of soil corrosion is but imperfectly understood. It is not possible 
at the present time to adequately interpret soil analyses. There is also 
some difference of opinion as to methods of taking samples and making 
resistivity determinations, and even were accurate determinations possible, 
there is still a lack of understanding of the relation between resistivity and 
local galvanic corrosion. In a word, at the present time the most that can 
_ be done is to draw a very rough comparison between the conditions as they 
exist in a particular locality with the average of conditions determined 
elsewhere. Any conclusions so drawn here are at the present time very 
much open to question. There is at present no way of determining by an 
examination of the corroded metal whether or not the corrosion has been 
caused by stray currents, by soil ingredients, or by local galvanic currents. 
None of these statements, however, should be taken to mean that soil 
analyses and resistivity determinations are of no value. On the contrary, 
they are perhaps particularly necessary where the use of steel pipe is con- 
templated, for they will at least serve to show whether or not conditions 
are distinctly unusual and dangerous. 


LocaL GALVANIC CURRENTS. 


Local galvanic potentials are extremely difficult of determination. 
They may be due to one or more of a variety of conditions, such as: lack of 
homogeneity in the pipe metal( e.g., there may be spots in which the carbon 
content of the steel is considerably higher than it is in the surrounding steel) 
scale; the presence of particles of coke such as occur in cinders; structures 
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of cast-iron or other metal in the vicinity of the affected structure; close 
proximity toa coal measure. These galvanic potentials will, of course, vary 
through wide limits, and there is no apparatus by means of which they may 
be properly measured. 

In the Akron case it was found that there was an appreciable galvanic 
potential between the pipe and oxide scale, the steel being positive to the 
scale. Millivolt readings taken between different parts of the pipe or between 
clean pipe and scale, or between ground and pipe, were found to be in some 
cases even greater than the readings across the two non-polarizable elec- 
trodes used in the earth current observations and those obtained along the 
main by which the current flow in the main was determined. From this 
it becomes evident that in all the tests involving small potential readings, 
it is absolutely necessary to guard against the effect of these local galvanic 
potentials upon the readings desired. 

It will frequently happen that when back-filling after a pipe has been 
laid, cinders or other foreign matter from the surface of the ground will be 
thrown into the trench in contact with the pipe. The effect of this may 
easily be more serious than a heavy stray current. Many cases are known 
where a heavy cast-iron pipe has been completely destroyed in a few months 
by the action of cinders. 

As in the ease of soil corrosion, it is difficult to generalize on the sub- 
ject of local galvanic action. The most that can be done is to make a care- 
ful search for the presence of foreign materials or earth ingredients or 
adjacent structures that may produce galvanic currents. 

It may be noted at this point that the heaviest and most carefuily 
applied coating is, under some circumstances, even worse than nothing so 
far as electrolytic corrosion is concerned. If there be a potential difference 
due either to railway stray current or local galvanic current there is a 
tendency for this current to seek the weak points in the coating and to 
concentrate. The result, therefore, may be a much more rapid corrosion 
than would take place if the current were more uniformly distributed over 
the surface of the structure. 

Where there exists any doubt as to the possibility either of soil corro- 
sion or of local galvanic action and the value of the pipe or other structure 
warrants the expense of excavation, regular inspection will prove the only 
satisfactory safeguard. This is particularly true of steel mains, inasmuch 
as they are much more subject to corrosion than cast-iron mains. 

In the Akron ease is it believed that the force main is reasonably 
free from both soil corrosion and local galvanic corrosion. Yet, here is a 
case where a very large investment, as well as the continuity of the water 
supply of the city of Akron, is involved. It would, therefore, be highly 
improper to assume that the question of soil and local galvanic corrosion 
has been settled once and for all. On the contrary, it should prove cheap 
insurance to make excavations from time to time at different points along 
the force main and observe carefully its condition. 
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Present Status OF ELECTROLYSIS QUESTION. 


It is perhaps not amiss in a paper of this kind to say something of 
recent developments bearing upon the subject of electrolysis, caused by 
electric railway stray currents. This question has been very actively 
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studied for a number of years by all of the national public utility associa- 
tions whose interests are affected. The American Water Works Association 
is one of these. The studies have been carried on by the American Com- 
mittee on Electrolysis, in which these several interests are represented. 
The members of this Association are probably thoroughly familiar with the 
recent Report of the American Committee on Electrolysis. This report 
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represents the unanimous opinion of the representatives of all the different 
interests involved. It is undoubtedly the best text that can be found on 
this very live subject. 

A matter of concern to the water companies and other pipe owning and 
cable owning interests is the study and development of railway distribution, 
and more particularly the automatic substation. Were it economically 
possible to install on a railway system a very large number of substations so 
that distributing distances would be cut down to, let us say for example, 
one mile or less, the track voltage drops that result in stray currents would 
be practically eliminated. The last two or three years have witnessed the 
advent of the automatic substation on a large scale. The principal justifica- 
tion of the automatic substation, or automatic substation combined with 
remote control, is to be found in decreased distributing distances, with the 
consequent saving in the cost of distribution and, what is also important, 
the reduction of stray currents. 

At the present time it is impossible to generalize as to how far the 
matter of decreased distributing distances may be carried. The reason for 
this is that automatic control has not yet been standardized and the 
efficiency of the automatic substation varies through wide limits for dif- 
ferent methods of operation. It has not been possible to determine just 
how some of these problems may best be worked out. Consequently, with- 
out more precise data on these points, it is difficult to make a satisfactory 
analysis showing how far this development may be carried. 

The main question involved may be illustrated by means of the accom- 
panying chart. This chart shows the component parts of the total cost 
of supplying a given amount of power to electric cars for a range of distribut- 
ing distances. It will be noted that as distributing distances increase, the 
cost of distribution becomes a larger and larger part of the total cost 
of power. Consequently it follows that on interurban lines where distances 
are great, the reduction of distributing distance is a matter of more import- 
ance than in the case of city systems where distances are smaller. The 
automatic substation, therefore, finds its particular field at the present time 
on interurban railway systems or on long electrified steam roads. 

It is perfectly safe to predict that the future will see a marked reduc- 
tion in distributing distances on interurban lines as well as some reduction 
on city lines, although in the latter case it will of course be smaller. The 
electrolysis problem is therefore being solved to some extent by. those 
developments in engineering leading to the more economic distribution of 
power. As these developments continue and the electric railways of the 
country profit by them, it is quite likely that the whole difficulty of electro- 
lytic corrosion from stray currents will cease to exist. 











DISCUSSION. 


Discussion. (JOINT.) 
Drxon AND PHILLIPS PAPERS. 


THE PRESIDENT. We have listened to two very interesting and 
valuable. papers and I hope that the discussion will be up to the same 
standard and that we shall justify the courtesy of Mr. Dixon and Mr. 
Phillips in coming from Ohio and talking to us this afternoon. 

On my right-I see Major Leisen, ex-President of the American Water 
Works Association, and I think he might open the discussion. We are glad 
to have him here. ; 

Masor THeopore A. Leisen.* Mr. President, I came here for the 
purpose of listening to these papers, particularly the first one, — on 
corrosion,— and was very much interested in it. 

I am hardly prepared to say anything that would add materially to 
what has been given here already. I laid some large steel pipe a number of 
years ago in Wilmington, Delaware, the first line of lock-bar pipe laid in 
this country,— and that pipe has suffered to quite an extent, principally 
from electrolysis. From the best knowledge that I have, based on a 
report received over a year ago, the general condition of that pipe was just 
as good as the day it was laid with the exception of those particular points 
where electrolysis had affected it. But this was not a condition that was 
_peculiar to the steel pipe alone, as the cast-iron pipe in the same localities 
suffered practically to the same extent. 

We are now laying steel pipe in Detroit, (a condition which we have 
been forced to by the excessively high cost of cast-iron) principally 42 and 
48-inch sizes, but it is too early to say anything about results. The first 
pipe has only been in a little over a year, and of course it is too early to 
look for any change in condition. 

The question of steel pipe seems really to narrow down to two factors, 
the coating, which is one of the most important things, and the character 
of the soil. First of all, the quality of the coating and the ability to get 
absolute adherence to the steel pipe, and proper protection of that coating 
in the field work. With all the safeguards that you can throw around the 
men who are handling the pipe, and all the instructions and orders that you 
can issue, it seems almost impossible to get the pipe from the cars to the 
ground, and then into the ditch, without materially damaging the original 
coating. The first trouble frequently is from slippage of the pipe on the 
skids of the cars. If the train in which it is hauled bumps around a good 
deal you will find that considerable of the bottom part of the coating is 
rubbed off at those points where it rests on the skids. Then too the 
chains and ropes used in lowering it are another important feature in caus- 
ing abrasion. Too much stress cannot be laid on the fact that those 
abrased sections of the coating should be supplemented by extremely 
careful field painting. There is no question but what steel pipe is getting 
to be, and will become more and more, a factor in water works mains, 





* Engineer, Board of Water Commissioners, Detroit, Michigan. 
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particularly on large lines and long lines, and it will be up to this and similar 

Associations and the members of the Associations, to study that question 
with a view to getting the very best results both in the coating and the 
handling for the protection of such lines as are laid from this time on. 
- The second factor — character of soil — is of necessity a local one. If 
the soil is neutral no trouble should result, but acid soils should be thor- 
oughly investigated before laying steel pipe. 

I have been asked to present a paper on Steel Pipe before the coming 
convention of the American Water Works Association, and am rather in a 
quandary, with the short time between now and the date of the convention 
— May 15 — whether I am going to be able to get sufficient data together 
to present a paper that will really be of any value. If this paper could be 
postponed for another year it might be very interesting to try and obtain 
as complete records as possible of all steel pipe laid in the country, with 
reports on the condition of that pipe after years of service, and combine 
that into a fairly comprehensive report. 

PRESIDENT Barsour. Many interesting questions concerning steel 
pipes are suggested by the papers of this afternoon. 

In the first place, as stated by Mr. Dixon, it was originally planned to 
coat the Akron line with tar — the specifications requiring a straight run 
coal tar pitch and heavy coal tar oil to be used —the final results to be a coat- 
ing tough and tenacious when cold and not soft enough to flow under sum- - 
mer heat. On about one-half mile of pipe, tar as specified was used, but, 
owing to the difficulty encountered in obtaining a coating that was not 
either too soft or too brittle and because of the inability of the manu- 
facturer to get acceptable results and meet the required deliveries, the use 
of tar was given up and on the remainder of the line asphalt was used. 
As just stated, this change was made to facilitate delivery and should not 
be interpreted as indicating that the engineer of the work considered as- 
phalt superior to tar. 

The difficulty in the use of tar was in great part due to a wide range in 
the temperature to which the pipes were heated before dipping and to 
variation of temperatures in different parts of the same pipe. Asphalt 
will stand a wider range of temperature without apparent ill-effect than 
tar, and is thus favored by the steel pipe manufacturers who aie: no 
accurate control of the pre-heating. 

Mr. Dixon has referred to the rapid deterioration of the asphalt 
coating and the necessity of extensive repair work before the line was put 
into service. This condition is chargeable in great part to the delay in 
laying the pipe owing to trouble between the primary contractor and the 
sub-contractor who did the excavation. The result of this disagreement 
was that the greater part of the pipes were exposed for many months to the 
weather — a most serious test for any coating — and, in my judgment, it 
does not follow that because the asphalt on the Akron line peeled off in 

sheets that this material should be generally condemned. On the other 
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hand, it is true that similar peeling of asphalt coatings have occurred in 
other new pipe lines, and it would be to the interest of the profession if 
more information as to these happenings were made public. 

Mr. Dixon has also referred to the fact that the plates for the Akron 
line were pickled to remove mill scale. ‘This was done by immersion in 
10 per cent. acid at 100° F. for an hour, neutralizing in a soda bath and 
finally washing. The plates thus treated were silver bright when emerging 
from the final washing; and if there is any value in the removal of mill 
scale as a preventive of “ self corrosion,”’ the treatment of the Akron line 
went as far as is practicably possible in this direction. 

Whether pickling had anything to do with the subsequent peeling of 
the coating may be debatable. After pickling a plate develops a smear of 
rust within a few minutes and, as fabrication and dipping of the pipes does 
not always keep step with the pickling, it may be that this accelerated 
rusting has a tendency to reduce the adhesion of the coating. Whether 
pickling to remove mill scale is worth while may be open to question. ‘ 

It is to be clearly noted, however, that the corrosion of the Akron line— 
described in papers of Messrs. Dixon and Phillips — is not attributed to 
failure of the coating, or to soil conditions, or to local galvanic currents 
resulting from mill scale, or other causes of potential differences in the pipe. 
The rapid corrosion in less than one mile of the eleven miles of pipe line is 
charged to the effect of stray electric railway currents — the unusual 
condition being the great distance between the pipe line and the nearest 
electric railway tracks. The mitigative measures adopted involved the 
establishing of a more nearly balanced electric condition in the railway 
system so as to reduce the potential drop between the pipe line and the 
point in the railway system to which the current had been returning. 
It of course remains to be seen to just what degree these measures will 
eliminate further corrosion. The experience described should not be 
interpreted as an argument against the use of steel pipe. 

Mr. ALLEN Hazen.* There is no doubt about the utility of steel 
pipes in large sizes in water works service. One of the most fundamental 
points of difference between steel and cast-iron is that steel is ductile while 
cast-iron is brittle. Because of its ductibility, the steel pipe will stand, 
without appreciable damage, pressure from soil and unequal loading that 
would destroy cast-iron pipe. In many places the added safety against 
rupture secured by the use of steel is a controlling reason for selecting it. 
The danger of breakage with cast-iron increases rapidly with the diameter. 
Steel pipe in large sizes is much safer. 

Both cast-iron and steel corrode. Papers like the one that we have 
just listened to will help us in understanding this corrosion. We need to 
learn more about these matters, and we must find means to reduce corrosion 
and to prevent the excessive corrosion that sometimes occurs. In actual 
experience the excessive corrosions in actual lines of pipe through years 





* Consulting Engineer, New York. 
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of service have amounted to only a small annual percentage of depreciation 
on the whole amount of such pipe in service. 

I am sure that a careful examination of the oldest steel pipe lines in 
water works service would indicate a percentage of depreciation much lower 
than anyone would have thought probable when those lines were laid. 

One of the causes of corrosion of steel pipe is the soil. That is, the 
soil in places contains some substance that accelerates corrosion of the 
outside of the pipe. A wet soil, and especially a soil that contains ground 
water with high mineral contents, makes corrosion more easy and rapid. 
’ In general a porous soil is believed to be a contributing factor, but some 
impervious soils are corrosive. Some times the pipe is laid and the first 
knowledge of the corrosive properties of the soil is obtained when corrosion 
of the pipe becomes apparent, but some conditions may be recognized in 
advance and guarded against. For instance, pipes commonly corrode on 
the outside where they cross salt marshes near tide water. 

Corrosion of pipe by the soil may be prevented by surrounding the 
pipe with concrete. That adds to the cost, but so far as we know, it is a 
sure cure for soil corrosion, and if the trench is dug carefully for back fill 
with concrete it is possible to surround it with concrete at an expense that 
is not excessive. 

Some steel pipe was so laid during the past year in the streets of a city 
in the middle west. It was surrounded by concrete at all places except 
wherethe natural soil was impervious clay, which was believed to be almost 
equal to concrete for protection. Steel pipe protected in that way may 
have along useful life. It is certainly free from the danger of interruption 
of service by rupture — a danger which is always present with the largest 
sizes of cast-iron pipe. 

When stray electric currents flow through steel pipes it is more often 
the cast-iron pipe and the services connected with it that suffer than the 
steel pipe itself. This is because the current most frequently leaves the 
steel through these attached lines. The author has described an unusual 
condition where the stray current left the steel pipe to go directly to the soil 
with attendant damage to the pipe. 

Mr. STEPHEN H. Taytor.* Mr. President, a 48-inch steel pipe, 8 
miles long, was laid in 1897 and 1898, in connection with the New Bedford 
Water Works,being put in service in 1899. The pipe was */;5 inch thick and 
coated with asphalt inside and out. It was lap-joint riveted pipe. It 
has been inspected internally several times since it was put in and found 
_ inas good condition as might be expected. There have been some tubercles 
and some blisters. If the blisters are broken a little corrosion is found 
under them. 

In laying the pipe it was very carefully inspected, and wherever the 
coating was knocked off in transit or in handling it was very carefully put 
back. We had occasion last year to make an opening in that pipe for 

» Superintendent of Water Works, New Bedford, Mass. 
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connecting with a 36-inch line. This is the first, and perhaps the best test 
we have had of its actual condition. 

The outside of the pipe was in almost perfect condition when we 
uncovered it. It was in a gravelly soil — very wet but gravelly, and by 
just brushing it off and putting on a coat of black paint it looked almost 
like new pipe. The deepest pittings shown on the photograph I believe 
were about } inch, or about 3 of the thickness of the pipe. These are 
the small ones. The larger pittings are very shallow. 

We feel that we have perhapsgot about half, or perhaps a little morethan 
half the life of the pipe at the present time. That is, we have had twenty- 
two years use of it so far, and we ought to get perhaps 15 or 20 years more. 

PRESIDENT BaRBourR. Do you know what particular brand of asphalt 
was used? 

Mr. Taytor. No, but the specifications are: 


“The coating consists of best quality of California or Trinidad refined 
asphalt, must be durable, smooth, glossy, hard, tough, perfectly water 
proof and not affected by any salts or acids found in the soil, strongly 
adhesive to the metal, no tendency to become soft enough to flow when 
exposed to the sun in summer or become so brittle as to scale off in winter. 
Pipes thoroughly cleaned inside and outside and rust removed by brushing 
and scrubbing with a wire brush and diluted acid, followed by mopping or 
brushing with milk of lime or saturated solution of soda. The alkali used 
to be washed off and surface dried. Coating heated to temperature of 
about 300 degrees and pipes dipped, allowed to dry, then dipped again.” 


Mr. Henry A.Symonps.* Mr. President.—There are a few construc- 
tion difficulties that I remember in connection with the 42-in. lock-bar steel 
pipe line built for the City of Springfield, about twelve years ago, on which 
Mr. Hazen was Consulting Engineer. 

These matters perhaps did not come so much to the attention of the 
Engineering Department as they did to those of us in the Construction 
Department. 

Regarding coating, the pipe had been dipped into a hot bath of melted 
pitch. When this was raised out of the pitch, it being immersed vertically, 
subsequent developments indicated that, on an occasional pipe, the hot 
pitch flowed to the lower section, leaving the upper as thin as tissue 
paper in some cases, while it was heavy and adhered tenaciously to the 
metal at the bottom. 

The pipe was retouched by melting pitch and burning it in with a blow 
torch where the skid marks referred to by Mr. Liesen, occurred, but the 
difficulty relative to interior coating was not apparent until the pipe was 
laid in the trench. 

It required going over the line several times, painting sections here 
and there, with hot pitch burned in by blow torch, before the trouble was 
entirely taken care of. 





* Consulting Engineer, Boston, Mass. 
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Another difficulty which we had frequently in the actual construction, 
occurred in the sandy plains near West Springfield. Frequent spurts oc- 
curred from the riveted joints, and some of them remained even after 
calking. These spurts with the fine sand driven against the side of the 
pipe, in several cases cut grooves entirely through the metal. In some 
cases, I think, in less than twenty-four hours from the time water was 
turned on. In two'cases long sections of pipe, laid through hollows, floated 
by the trench being flooded in a heavy storm, and the trench was washed 
partly full of gravel. As these sections had been riveted and calked it 
was a very different matter to get them back to grade. 

Another difficulty which I think we barely escaped through good fortune, 
which has occurred in some other lines, was the collapsing of the pipe before 
the air valves were properly in place. There were 6-inch gates, which were 
to later receive regular air valves, for taking air into or allowing it to 
escape from the pipes, but during the testing period the plates pulled out 
of the lock-bar at one point for about 6 feet. That, by the way, was the . 
only break that occurred in the twelve miles. I think this was under a 
pressure of something like 190 pounds. It occurred at a very low level 
as compared with much of the line, and the speaker happened to be near 
and opened one of these 6-inch valves. The whistling which occurred 
was equal to that of a locomotive, and continued probably for fifteen 
minutes, in which time the pipe was rapidly emptied. There was probably 
a mile and a half which was emptied by this break. 

Those are perhaps the principal difficulties which we encountered 
in that construction. But I want to say that any one who starts to lay 
steel pipe and tries to use the methods employed in laying cast-iron pipe 
will find himself up against a great many troublesome problems. 

Mr. Taytor. I might add to the New Bedford situation that we 
frequently test that pipe for leaks and have so far found it absolutely tight. 
Also at one time we were threatened with trouble from electrolysis and 
cured that by putting in a copper bolt and leading a wire back to the 
negative bus. 

Mr. J. E. Garrerr.* To get back to the question of electrolysis, did 
I understand Mr. Phillips to say that in Akron the water pipes system was 
bonded to one of these substations, to the substation that was located 
centrally in Akron? 

Mr. Pups. Yes. 

Mr. Garretr. And has that bond been continued? 

Mr. Puiurps. So far as I know it is still there. 

Mr. Garrett. The pipe being lead or cast-iron pipe? 

Mr. Pups. Yes. 

PRESIDENT BarBour. I would suggest to Mr. Liesen, if he is going to 
write a paper on steel pipe, that one of the great necessities of the present 
time is to so control the heating preliminary to dipping as to obtain a 
* Civil Engineer, Hartford, Conn. 
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uniform temperature. As I have already stated, the reason that tar was 
given up on the Akron line was due to failure to obtain such uniform heat- 
ing. Through the codperation of Mr. Church of the Barrett Company, 
one of the best tar chemists in this country, it was proved that the tem- 
perature in the pipes, as made for Akron, varied from, say, 250° F. on one 
side to perhaps 500° F. on the other side of the same pipe, and a coating 
under these conditions might be soft on one side of the pipe and brittle on 
the other. 

Recently, in connection with the work of the Committee on Standard 
Specifications for Cast-Iron Pipe, I have had some correspondence with 
Mr. Church in regard to a specification which would guarantee the use of a 
straight run coal tar, and his position is practically this, that until we are 
able to better control the temperature of the cast-iron pipe at the time of 
dipping it is useless to spend much time in the refinement of the specifi- 
cations for tar. 

Mr. G. F. Sever. Mr. President, I do not have the honor of belong- 
ing to your Association, but I have been requested by Professor 
0. C. Jackson, who was invited to discuss this paper, to attend this meeting. 
I am.an electrical engineer, and it is very interesting to me to see that 
electricity does not appear to be the scapegoat that it sometimes has been 
made in water works investigations. 

Water Works Engineers have recommended that the electric railroads, 
on account of the alleged electrolytic damage caused by the current, be 
compelled to put up double overhead trolley lines and remove their cur- 
rents entirely from the rails. I am very glad to see now that there are 
recognized other means causing the destruction of steel and cast iron pipes 
than our electric railway currents. 

I have investigated the corrosion of pipes in Richmond, Va., Dayton, 
O., Peoria, Ill., and in the vicinity of Philadelphia, in Trenton and other 
places. I have found water and gas pipes and also Edison tubes which have 
been treated, lying in certain kinds of soil, particularly with a cinder con- 
tent, which have been entirely corroded through and destroyed purely 
from the chemical actions that occurred. And I have had occasion to in- 
vestigate in the outskirts of Philadelphia an iron gas pipe which was treated 
at the gas works bya covering of tar and paper,—three layers of paper, each 
one dipped in a tar compound — and laid in a marshy soil, far removed 
from the electric railroad. The gas company claimed that the electric 
railway current was the cause of the continuous destruction of this iron 
gas pipe. Tests on the electric railroad in that vicinity showed no possi- 
bility of any current flow on this gas main, and by applying electrical instru- 
ments to the gas main there was found no electric railway current, but the 
gas main would last possibly two or three months and have to be contin- 
ually replaced by other and new pipe. Moisture seemed to permeate the 
covering and localize chemical action on the pipe. 
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pipe, in several cases cut grooves entirely through the metal. In some 
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turned on. In two'cases long sections of pipe, laid through hollows, floated 
by the trench being flooded in a heavy storm, and the trench was washed 
partly full of gravel. As these sections had been riveted and calked it 
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Another difficulty which I think we barely escaped through good fortune, 
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and opened one of these 6-inch valves. The whistling which occurred 
was equal to that of a locomotive, and continued probably for fifteen 
minutes, in which time the pipe was rapidly emptied. There was probably 
a mile and a half which was emptied by this break. 

Those are perhaps the principal difficulties which we encountered 
in that construction. But I want to say that any one who starts to lay 
steel pipe and tries to use the methods employed in laying cast-iron pipe 
will find himself up against a great many troublesome problems. 

Mr. Taytor. I might add to the New Bedford situation that we 
frequently test that pipe for leaks and have so far found it absolutely tight. 
Also at one time we were threatened with trouble from electrolysis and 
cured that by putting in a copper bolt and leading a wire back to the 
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Mr. J. E. Garretr.* To get back to the question of electrolysis, did 
I understand Mr. Phillips to say that in Akron the water pipes system was 
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uniform temperature. As I have already stated, the reason that tar was 
given up on the Akron line was due to failure to obtain such uniform heat- 
ing. Through the codperation of Mr. Church of the Barrett Company, 
one of the best tar chemists in this country, it was proved that the tem- 
perature in the pipes, as made for Akron, varied from, say, 250° F. on one 
side to perhaps 500° F. on the other side of the same pipe, and a coating 
under these conditions might be soft on one side of the pipe and brittle on 
the other. 

Recently, in connection with the work of the Committee on Standard 
Specifications for Cast-Iron Pipe, I have had some correspondence with 
Mr. Church in regard to a specification which would guarantee the use of a 
straight run coal tar, and his position is practically this, that until we are 
able to better control the temperature of the cast-iron pipe at the time of 
dipping it is useless to spend much time in the refinement of the specifi- 
cations for tar. 

Mr. G. F. Sever. Mr. President, I do not have the honor of belong- 
ing to your Association, but I have been requested by Professor 
O. C. Jackson, who was invited to discuss this paper, to attend this meeting: 
I aman electrical engineer, and it is very interesting to me to see that 
electricity does not appear to be the scapegoat that it sometimes has been 
made in water works investigations. 

Water Works Engineers have recommended that the electric railroads, 
on account of the alleged electrolytic damage caused by the current, be 
compelled to put up double overhead trolley lines and remove their cur- 
rents entirely from the rails. I am very glad to see now that there are 
recognized other means causing the destruction of steel and cast iron pipes 
than our electric railway currents. 

I have investigated the corrosion of pipes in Richmond, Va., Dayton, 
O., Peoria, Ill., and in the vicinity of Philadelphia, in Trenton and other 
places. I have found water and gas pipes and also Edison tubes which have 
been treated, lying in certain kinds of soil, particularly with a cinder con- 
tent, which have been entirely corroded through and destroyed purely 
from the chemical actions that occurred. And I have had occasion to in- 
vestigate in the outskirts of Philadelphia an iron gas pipe which was treated 
at the gas works bya covering of tar and paper,—three layers of paper, each 
one dipped in a tar compound — and laid in a marshy soil, far removed 
from the electric railroad. The gas company claimed that the electric 
railway current was the cause of the continuous destruction of this iron 
gas pipe. Tests on the electric railroad in that vicinity showed no possi- 
bility of any current flow on this gas main, and by applying electrical instru- 
ments to the gas main there was found no electric railway current, but the 
gas main would last possibly two or three months and have to be contin- 
ually replaced by other and new pipe. Moisture seemed to permeate the 
covering and localize chemical action on the pipe. 
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Recently I have had occasion to investigate a large water conduit in 
the State of Majne. It was of cast-iron and fed a large city. We were 
called in to make tests on it, to see if there was any possibility of electro- 
lysis caused by the current from a suburban electric railroad. The pipe 
in this case I believe has been laid 16 or 18 years, and in uncovering it 
near the railroad we found the asphalt covering absolutely intact. The 
pipe was lying in a moist soil and we had to scrape the covering from the 
pipe in order to attach to it by solder a couple of leads for an electrical 
recording instrument. We observed the pipe at this location through its 
full length, and all about it, and could not see any deterioration of the 
protective covering. 

In regard to the remarks of the author of the second paper about the. 
action of the electric railroad in analyzing and making an economic study 
of their electric supply system, I would say that I have had occasion to 
lay out a number of return feeder systems for electric railroads, and have 
recommended the absolute taking away of any connection between water 
supply systems and the negative bus of the railroad, have introduced 
many negative feeders in order to relieve the rails and pipes of their high 
electric potentials and have recommended over and over again automatic 
substations at short intervals in order to reduce the potentials that nor- 
mally obtain on suburban and interurban railroad systems where the 
substations are now possibly three to six miles apart, with the ordinary 


600 volt direct current system. 

So that in almost all cases where there has been any trouble — at 
least, in recent years—the railroads are endeavoring to remedy the troubles, 
to mitigate them, and, if possible keep the water supply systems as far 
away from the railway system and the return feeders as is possible. 
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PROPOSED EXTENSION OF THE METROPOLITAN WATER 
DISTRICT. ~ 


BY X. H. GOODNOUGH.* 
(February 14, 1922.) 


Under the provisions of Chapter 49 of the Resolves of the year 1919, 
the State Department of Health and the Metropolitan Water and Sewerage 
Board, which is now the Metropolitan District Commission, were directed 
to consider the water supply needs and resources of the State with special 
reference to the requirements of certain districts, most important among 
which is the Metropolitan Water District, created by Chapter 488 of the 
Acts of the Year 1895. 

The first questions to be determined were the present needs of the 
district and its probable future requirements, and these questions have in- 
volved a study of past growth in population and in the use of water. The 
problem of the population of this district 25 or 50 years hence is of course 
an insolvable one, and the only safe ground of estimate is to assume that 
its future growth will continue about as past experience indicates. The 
original report of the State Board of Health in 1895 recommended a dis- 
trict of 28 cities and towns which contained, in 1890, a population of 
848 012 inhabitants. The State Board of Health stated in that report 
however, that ‘inasmuch as the cities of Cambridge, Lynn, Newton, 
Waltham and Woburn and the towns of Brookline, Lexington, Nahant, 
Saugus, Swampscott and Winchester, together containing, in 1890, 210 252 
inhabitants, believe that they have a sufficient supply for some years to 
come, we do not recommend that they be provided with water from the 
Metropolitan supply until they formally express their wish for it.” The 
exclusion of these places left 17 municipalities which, it was recommended 
by the State Board of Health, should constitute the original district, 
but when the legislation was finally enacted only 13 municipalities were 
included and that number has since been reduced by the annexation of the 
town of Hyde Park to the city of Boston. But since the district was formed 
in 1895 it has been enlarged by the addition of the city of Quincy and the 
towns of Arlington, Lexington, Milton, Nahant, Stoneham and Swampscott, 
so that it contains at the present time 19 cities and towns which had in 
1895 a population of 763 417. At the end of 1920 the population of this 
group of municipalities was 1252903. The total quantity of water 
consumed in this district in 1895 was about 69 000 000 gal. per day, and the 
quantity used in 1920 was 131 000 000 gal. per day, or nearly double the 
amount used 25 years earlier. 





* Director and Chief Engineer, Mass. State Dept. Public Health. 
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EsTIMATED POPULATION TO BE SUPPLIED. 


A study of the census records shows that the population of the Metro- 
politan Water District has doubled in the past 32 years. The percentage of 
growth of the district has been a very steady one. Taking the progressive 
30-year increases, it is found that in 30-year periods beginning with the 
period 1850-1880 and including the period 1885-1915, the increase has 
ranged from 103.5 to 123.3 per cent; that is, in each of these periods the 
population has more than doubled in 30 years. In the period which 
included the recent war, however, there was a decided reduction in the rate 
of growth, the increase falling from 115.9 per cent in the period 1885-1915 
to 89.1 per cent in the period 1890-1920. Of course this falling off was 
largely if not wholly due to the war, but in estimating the future per- 
centage of growth it has been assumed that this percentage will continue 
to be a declining one, approximately as shown in the following table. 


TABLE SHOWING PERCENTAGE OF PopuULATION INCREASE BY THIRTY-YEAR PERIODS, 
wit Estrmmates For 1920 To 1970. 


METROPOLITAN DISTRICT, INCLUDING NEWTON. 
Period. 








Per Cent Increase, 





Period. Per Cent Increase. 


1850-1880 123.6 1895-1925 81.2 
1855-1885 103.6 1900-1930 73.0 
1860-1890 109.6 1905-1935 73.6 
1865-1895 123.3 1910-1940 66.8 
1870-1900 124.2 . 1915-1945 59.8 
1875-1905 103.5 1920-1950 63.8 
1880-1910 113.7 1925-1955 58.0 
1885-1915 115.9 1930-1960 52.9 
1890-1920 89.1 1935-1965 48.8 


1940-1970 


Using this lesser rate of increase, the future population of the district 
would be about as shown on the accompanying diagram. On this diagram 
(No. 1) are shown the actual growth in population from 1870 to 1920 and 
the estimated growth to 1970. The diagram also shows the future popu- 
lation of the cities and towns now comprising the Metropolitan Water 
District as estimated in the report of 1895, those estimates having been 
based on the growth of population up to 1890. The diagram shows that 
the actual increase in population varied but little from the estimates 
during the first years — 1890 to 1900 — but from 1900 to 1905 there was a 
falling off, and then from 1905 to 1915 the lines are nearly parallel. Up 
to 1915 the estimate of population made by the State Board of Health 


based on the censuses, previous to 1890 exceeded the actual by about 


10.9 per cent. Of course in the war period from 1915 to 1920 there was a 
decided decrease in the growth of the district as in New York and other 
places, but even in 1920 the difference between the actual and estimated 
growth based on censuses of 30 years earlier was less than 20 per cent. 
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DIA GRAM SHOWING POPULAT/ON OF 
THE METROPOLITAN WATER DISTRICT 


EXCLUOING NEWTON Sastaas tae 


POPULATION 


Dracram No. 1. 


The growth of the different parts of the district also shows considerable 


variation as indicated on diagram No. 2. The area of the city of Boston is 
only some 40 odd square miles, and the rate of growth is lessening as the 
density of population becomes greater. The portion of the district ex- 
clusive of the city of Boston is growing more rapidly than the city itself and 
there is still a large population outside the district which is showing a steady 
and rapid growth. 

On diagram No. 3 is shown a comparison between the growth of the 
Metropolitan Water District and of the city of Boston, as compiled by the 
U.S. Census Bureau, and that of the other great metropolitan centers, of 
which there are now five in the United States that have a population in ex- — 
cess of one million inhabitants. A study of this diagram shows in the first 
place that the growth of the city of Chicage was much the most rapid of all 
for many years but that this rate has in later years diminished and in recent 
years has been but a little, if any, greater than that of the two cities next in 
size — Philadelphia and Boston. Compared with Philadelphia, the Boston 
district grew more rapidly on the whole up to 1915, but its rate of growth 
was curtailed during the period of the war. The city of Pittsburgh, next 
to Chicago, has grown at a very rapid rate, but since 1910 its rate of growth 
has been somewhat less than that of Boston or Philadelphia. The city of 
New York has grown in recent years more rapidly than the others, though, 
like Boston, the rate was seriously diminished in the last census period on 
account of the war. Leaving out the war period, which affected the dif- 
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ferent cities in different ways, there is nothing in this record to indicate that 
the growth of the metropolitan district of Boston is not keeping pace with 
that of the other great metropolitan centers. Obviously prudence requires 
that allowance must be made for a rate of growth in the future which shall 
follow the general curve indicated by the experience of previous years. 


WaTER CONSUMPTION IN THE METROPOLITAN WATER DISTRICT. 


The quantity of water used in the Metropolitan Waier District, ex- 
clusive of the city of Newton, in 1920 was 127 265 000 gal. per day, or 105.5 
gal. to each inhabitant. Including the city of Newton, the total con- 
sumption was 130 952 000 gal. per day, or 104.5 gal. per person per day, but 
the City of Newton provided its entire water supply during the year from 
its own sources. The aggregate amount of water used in the municipalities 
which now compose the Metropolitan Water District, excluding the city of 
Newton, in 1894, the year before the district was established, was 63 759 000 
gal. per day, or 89 gal. per inhabitant; that is, the consumption of water in 
the district, exclusive of Newton, doubled in the 26 years from 1894 to 1920. 
The consumption of water in the District and in the City of Newton in each 
year from 1893 to 1920 is shown in the following table: 


AVERAGE Datty Water ConsumPTION, METROPOLITAN WaTER DistRICctT. 


Metropolitan 
Water District. Newton. 





Records from 1893-1903, inclusive, based on pumpage records. 

Records from 1904 to date, inclusive, based on meter records. 

Records from 1893-1908, inclusive, include small amount of water supplied by Revere to Saugus (this 
amount not included after 1908). 
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After the establishment of the district the consumption of water per 
inhabitant rose very rapidly until 1904, when it reached 128 gal. per capita 
at a time when the number of metered services in the district was about 
11 per cent of the total. Following 1904 the more liberal use of meters was 
begun in the cities and towns in the district outside the city of Boston, 
and whereas in 1904 only 19 per cent of the services were metered in these 
municipalities, by 1908 the per cent of metered services had risen to 47.6 
and the number continued to rise to 85.7 per cent in 1915 and 91.1 per 
cent in 1920. In the city of Boston 6.5 per cent of the services were 
metered in 1908, 53.1 per cent in 1915 and 62.5 per cent in 1920. In the 
district as a whole, excluding Newton, the percentage of metered services 
rose from 10.8 per cent in 1904 to 21.8 per cent in 1908, to 66.6 per cent in 
1915 and 74.6 per cent in 1920. It will be seen that, following the legisla- 
tion in 1907 requiring the general application of meters on all services, 
the introduction of meters rapidly followed and the consumption per capita 
in the district as a whole fell from 130.4 gal. in 1907 to 88 gal. in 1915, the 
latter amount being slightly less than the quantity used in the same munici- 
palities in 1894. This great and rapid reduction in the use of water per 
capita by means of the general application of meters appeared to solve the 
problem of waste prevention, a subject which has engaged the serious 
attention of water works authorities since water works were first intro- 
duced; but following the small quantity of water used in 1915 — 88 gal. per 
capita — which was unquestionably due to a combination of causes all 
operating to produce a minimum use of water, the consumption of water 
per capita again began to rise and amounted in 1920 to 105.5 gal. per day. 
In one of these years, 1918, the amount of water used per capita rose to 
109.3 gal. per day in consequence of an unusually cold winter. These 
changes are shown in the following table and on diagram No. 4. 

In the city of Boston the percentage of metered services is less than 
in the district as a whole, amounting in 1920 to 62.5 per cent while in the 
district outside of Boston the percentage of metered services in 1920 was 
91.1 per cent, but the experience has been practically the same in all of the 
municipalities composing the district, viz., a great rise in the consumption 
of water per capita following the creation of the district and a great reduc- 
tion during the period of the introduction of meters, which continued until 
1915 when 66.6 per cent of the services had been metered. After that year 
the consumption of water again began to rise and has continued to rise 
though the percentage of metered services has increased from 66.6 to 74.6 
per cent. 

In view of this marked increase in the consumption of water in the 
last few years, notwithstanding the general use of meters in the district, 
it has been deemed important to collect information as to the conditions 
existing in other cities where the meter system has been in use for any 
considerable length of time. In connection with this question, information 
has been obtained from all of the large northern cities of the United States 
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Diagram No. 4. 


east of the Rocky Mountains where climatic conditions are similar to those 
at Boston. In this territory there are 13 cities, exclusive of the Boston 
Metropolitan District, having by the census of 1920 a population in excess 
of 400 000. The records of the consumption of water per capita.in each 
of these cities, together with the percentage of services metered, has been 
furnished by city officials, the information covering in most cases periods 
as long as 30 years. From these records it appears that in 5 of these 
cities over 90 per cent of the services are metered, while in all of the other 
cities, the percentage of metered services is less than in the Metropolitan 
Water District; these 5 cities and the percentage of services metered in each 
in 1920 are shown in the following table; 


PER et ee at ees 97 per cent. 
CBvela oe Ae eS 100 per cent. 
DERN Bo eee ts 99 per cent. 
NNER gc ye ee 99 per cent. 
Wemae fe eS raw 5 oe 92 per cent. 


In this list of cities the application of meters to services generally has 
been so recent in two of the cities — Detroit and Cincinnati — that little 
information is furnished by their experience as to the changes in the con- 
sumption of water after two-thirds to three-fourths of the services have 
been metered. 

The accompanying diagrams Nos. 5 and 6 show the per capita con- 
sumption and the per cent of metered services in these 5 cities, so far as the 
records of consumption are available. 
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Dracram No. 5. 
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Diacram No. 6. 





In Cleveland the general introduction of meters was begun about 1900 
when less than 10 per cent of the services had been metered and the con- 
sumption per capita was 176 gal. The amount of water used per capita de- 
creased rapidly as the number of meters increased until in 1905, when 68 
per cent of the services had been metered, the consumption per capita had 
fallen to 128 gal. It continued to fall for 4 years more until in 1909 when it 
amounted to 94 gal. with 97 per cent of the services metered. Since 1909 
with over 97 per cent of the services metered the consumption of water per 
capita has again risen and amounted to 152 gal. in 1920. 

In Milwaukee the experience has been similar to that of Cleveland. A 
high per capita consumption of water was reduced by the general intro- 
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duction of meters, and when 72 per cent of the services had been metered 
in the year 1901 the consumption of water per capita had fallen in the pre- 
vious 10 years from a maximum of 113 gal. to a minimum of 82 gal. Be- 
tween 1901 and 1909 practically all of the remaining services were metered 
and all services have been metered during the last 11 years. Since 1901, 
however, the consumption per capita in this completely metered city has 
risen from 82 to 134 gal. Variations in the consumption of water per 
capita and the percentage of metered services in Cleveland and Milwaukee 
are shown on diagram No. 5. 

In Newark, in the years 1912, 1913 and 1914, when at least 56 per cent 
of the services were metered, the average consumption was 104 gal. per 
day. In 1918, 1919, and 1920, when the percentage of metered services 
had increased to from 90 to 92 per cent, the per capita consumption aver- 
aged about 107 gal. per day. While the period has been too short a one to 
form satisfactory conclusions, so far as the records show up to the pre- 
sent time the increase in the percentage of metered services from less 
than 60 to over 90 has been accompanied by an increase in the consumption 
of water per capita. 5 

Information has also been collected from cities having less than 400 000 
inhabitants in 1920, in which a large percentage of the services are metefed. 
The number of such cities from which records have been obtained which 
have a population in excess of 25 000, including 9 in Massachusetts, is 19; 
and in addition there are 3 other cities in which from 75 to 85 per cent of the 
services were metered in 1919 or 1920. The per capita consumption and 
the percentage of services metered in practically all of these cities are shown 
in diagrams Nos. 7, 8, 9, 10, 11, 12. 

Diagram No. 13 shows the consumption of water per capita and the 
per cent of metered services in a residential district comprising Brookline, 
Newton, Needham and Wellesley, containing in 1920 a population of 
97 038, — these municipalities being adjacent.to the Metropolitan Water 
District and one of them, the city of Newton, a member of the district, 
though that city does not take water from the district sources at the present 
time. 

The experience in the various cities following the general metering of 
the services as presented in the diagrams shows that in a great majority of 
cases the general introduction of meters in a city in which few meters have 
previously been in use has been followed by a large reduction in the use of 
water per capita. The experience in the Metropolitan Water District 
in this respect is duplicated in practically all of the cities for which records 
have been obtained. But the diagrams also indicate clearly that in the 
great majority of these cases after two-thirds or more of the services had 
been metered the consumption of water per capita sooner or later began 
again to increase and has continued to increase up to the present time, not- 
withstanding the continued application of meters until: most or all of the 
services have been metered. 
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DracraM No. 7. 


LAWRENCE LOWELL 
Populetion 920= 94270 Population 1920-M2,759 


Diacram No. 8. 
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Dracram No. 9. 
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Dracram No. 11. 


MINNEAPOLIS, MINN. } ST. PAUL , MINN. 
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Diacram No, 12. 
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Dracram No. 13. 


GENERAL INCREASE IN THE CONSUMPTION OF WATER PER CaAPiTA AFTER 
Two-Tuirps TO THREE-FOURTHS OF THE SERVICES 
‘Have Bren METERED. 


In this study the object has been to learn what changes have taken 
place in the consumption of water per capita after two-thirds to three- 


fourths of the services have been metered, as is the case in the Metropolitan 
Water District. The table on page 204 shows the changes in the use of 
water per capita in the cities for which records have been obtained in which 
the percentage of metered services in 1920 is substantially greater than 75 © 
per cent and in which a sufficient number of years has elapsed aftera substan- 
tial per cent of the services were metered to furnish information as to the 
changes in the per capita consumption with the increased use of meters. In 
this table an average of 3 years, when about 74 per cent of the services 
had been metered in each city, is compared with an average of the last 3 
years available, usually the years 1918, 1919 and 1920. 

From this table it appears that in all but 2 cases — those of Hartford 
and Lawrence—there has been an increase in the consumption of water per 
capita since 75 per cent of the services were metered; the average increase 
when comparison is made of the years 1918, 1919 and 1920 being 1.42 gal.; 
or, using the years 1917, 1918 and 1919, 1.31 gal. In Hartford the full 
effect of metering does not appear to have been secured when the number 
of meters was increased from 6 to 71 per cent in 3 years. For some time 
after this sudden increase in the use of meters the use of water per capita 
decreased, but in the last 13 years there has been an increase of 0.38 of a 
gallon per capita per year. In Lawrence the consumption of water per 
capita since 1900, when. more than 75 per cent of the services were metered, 
has decreased 0.2 of a gallon per person per year; but since becoming more 
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; Increase or Decrease in 
Years since about 75% Consumption of Water 


Services became r Capita in those 
City. Metered. ears (Gals. per Year). 

Ug 7 SSS TB teers np ee ee aR ee 12 oH ee 159 | 
Milweskee 255. ; 9 Seat Eres se: 2.70 
Mintwanolis.... .. 228 5..45h0. 34 tS Gin ener cy orth 27 2.61 
ee eer ea : Si ape aaa eta ane ce 1.48 
pene os kc coe aint WS ste Ps ee ag 30 eee 
oo REE Se er ieee Goes ae eran Se et ccc pe BR 2.52 

Oo as IE RR ea ae gg ge > SORE aes uaa AG 23 2.61 
ORR Caer Spree SR RRR tet Air) — 0.50 
NNER ore hs sk C Re es AC 1.15 
ics Se Se eereraener sete aatara id RAGES epee Set “665s! 0.79 
INNER Fo i ico cane ales Wiis eee 0.73 
pS Se a a a a ee ata eat nage Geez ee A 3.73 
SLES I OTE 23 pies a BENS 2.12 
ER eRe pera one LY eR rah eee, 1.10 
2 ee aia eee GE ek Hy 5 tity 1.42 
Pe RT EPRI AS aD 7 Senay Pate ae tt itis Tr 1.26 
Weer eS eS Peep eRe gale 0.80 
SELLE AEE CTS NOG | dates ame SE 2. — 0.32 
TN SRI ph BERR Goctenglag rome 0.86 
Drew Seaton: 2s 9-25 cee es SE Tee Saat 0.57 
(GSE, Se Pane ae eee OR ok? ee enti 0.57 
Witenes oe a eR: Br ene 2.07 

pene sis SESS AE RE OS A ae 1.42* 

Yonkers, N. Y. — Records begin 1890 with 82% metered services. 


Woonsocket, R. I.— Records begin 1890 with 83% metered services. 
Fitchburg, Mass. — Records begin 1914 with 87% metered services. 
Worcester, Mass. — Records begin 1896 with 93% metered services. 


than 90 per cent metered in 1910 the consumption of water has increased 
at the rate of 0.4 of a gallon per person per year. In Fall River after the 
percentage of metered services reached about 75 the increase in the con- 
sumption of water per capita in 30 years was 0.8 of a gallon per person per 
year. , After meters had been applied to more than 90 per cent of the 
services the increase has been 0.61 of a gallon per year. Of all this group 
of cities the important ones which show a decrease in the consumption of 
water per capita are Newark, Lawrence and Hartford and, as already seen, 
even in these cases apparently after the full effect of metering had been 
experienced the consumption of water again increased. 

In the more fully metered communities in the Metropolitan Water 
District outside of Boston there has also been an increase in the consumption 
of water per capita in the last 6 years. In the suburban municipalities of 
Brookline, Newton, Needham and Wellesley the increase since 70 per cent 
of the services became metered in 1896 has been about 0.8 of a gallon per 
person per year. But while as a general rule no further material reduction 
in the use of water per capita is effected by the complete metering of all the 





* This average would’ be 1.31 if average of returns for 1917, 1918 and 1919 is used. 
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services after about two-thirds to three-fourths of the services have been 
metered, nevertheless there has been in many cases some further reduction 
in the use of water per capita afterwards; or at least a temporary reduction 
has been effected which has retarded for a few years the increase in the 
consumption of water per capita in fully metered cities. In some of these 
cases where the meter system was adopted many years ago information is 
lacking as to the effect of metering the remaining services after a total of 
75 per cent had been reached; and in others the complete metering of the 
services was carried out too recently to furnish definite information with 
respect to this question; while in still others the application of additional 
meters after a total of two-thirds to three-fourths of the services had been 
metered was accompanied by a steady increase in the consumption of water 
per capita. However, in the 11 cities for which records are available, the 
application of meters to the remaining services, after two-thirds to three- 
fourths of the services had been metered, caused for a time a reduction in 
the consumption of water per capita. In these cities the amount of the 
reduction ranged from 1 to 18 gallons per capita and averaged 9 gallons, in -- 
periods ranging from 1 to 14 years and averaging 43 years. After this 
period the consumption of water per capita again began to increase and 
returned to its earlier figure in from 2 to 12 years, except in the case of one 
small manufacturing city where the period amounted to 21 years. The 
length of this period of return averaged 8.6 years; or, if the city referred to 
were excluded, 7.4 years. It is to be noted that the reduction in the con- 
sumption of water per capita as shown in these cases usually followed a 
much greater previous reduction due to the application of meters up to 
two-thirds or three-fourths of the total number of services and was a con- 
tinuation of that reduction. There is no case in which the consumption 
of water has later been reduced, after it had begun to increase, when two 
thirds to three-fourths of all the services were metered, as in the case of the 
Metropolitan Water District. 

In general then, so far as these records show, the full effect of metering 
is reached after a total of about 75 per cent of the services have been meter- 
ed, but the effect of applying meters to the remaining services in many cases 
is to effect a further reduction for a time and to delay for a few years the 
beginning of the increase in the consumption of water per capita after the 
application of meters has become nearly or quite complete. The practi- 
cally invariable rule, however, is that after 75-per cent of the services have 
been metered the consumption of water again increases, and even in fully 
metered cities continues to increase in spite of the complete adoption of the 
meter system. This is no argument, of course, for not completing the 
metering of all services. Aside from the saving in water consumption, 
metering is the only equitable way in which to assess the charges for water; 
and without complete metering there will continue to be waste which might 
be prevented by the use of meters. 

The results of this study as a whole show clearly that there has not 
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only been a decided increase in the use of water per capita after complete 


metering in great cities like Cleveland, Minneapolis, St. Paul and Providence, 
but also in small cities in all parts of the United States where climatic con- 
ditions are similar to those existing in the Metropolitan Water District. 


Inquiry has also been made concerning the experience in English cities a 


as to the changes taking place in the consumption of water per capita and 
the allowances which are being made therefor, the results of which are 
shown in the following table. 


Average Increase in 


Consumption-per Capita Number of Years 

City. (U. S. Gallons per Year). included. 
ER oa sce wee ecckie RM i ee een eee 1909-1918 
RPMS... B05 FSO EK Ga RECS OS ee etics 1909-1920 
SEEDER LD (PRS BR Te Ra Moe Tae ce ee 1908-1920 
MI oo as ees aa che RR eS NY SNE 1907-1920 
Nottingham: .........:.22:.05. O60 2: 53). See 1907-1920 
NS SSRI EAE SO ID EE ae ae ae Ree eS 1907-1920 
OS RESET EE Sea ates i Antes aman et Sa 1905-1919 


It thus appears that what is true in American cities is also true in 
English cities, namely, that there is a continued increase in the consump- 
tion of water per capita, and in estimating for future requirements English 
engineers are providing for such an increase. 


CAUSES OF THE INCREASE IN WATER CONSUMPTION. 


The causes of this general increase in the per capita consumption of 
water are no doubt due in part to a gradually improving standard of living 
and to growth in business and industry. The number of water fixtures 
in dwelling houses has increased enormously in proportion to the population 
in the last 40 years. Every dwelling place is supposed to have at least one 
bath tub and many dwelling houses now have two or more. 

Even with this increase in use, the domestic consumption in many 
cities is less than the amount used for manufacturing purposes. In some 
cases the amounts used for manufacturing are very large. In the city of 
Peabody, for example, where a special kind of manufacturing using large 
quantities of water has become established, the consumption of water, 
notwitstanding the fact that 90 per cent of the services are metered, has 
constantly risen until in 1920 it exceeded 200 gal. per capita. It has been 
impracticable to determine the relative quantities of water used for various 
purposes in the Metropolitan Water District, but the relative amounts 
drawn for various purposes in an industrial city are indicated by the 
following records of consumption in the city of New Bedford in 1920, 
kindly furnished by Mr. S. H. Taylor, Acting Superintendent of the 


Water Works. Cie 
Per Capita Per Cent 
; (Gallons). of Total. 
Tictbihin Camm eo. ea Nek Cok ie Xs BRE Hwee be 28 36 
Manufacturing and mechanical uses ......................... 41 52 
Testing, flushing, fountains and all other purposes, including fires, 9 12 


RR Se oi cc Eee 78 100 
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In residential sections of the Metropolitan Water District the con- 
sumption of water per capita is probably larger than in New Bedford, but 
even then it is probably less than double the quantity used for domestic 
purposes in that city. In the outlying districts with large lawns and 
gardens the consumption of water is higher, as shown by the amount used 
in Brookline, Newton, Needham and Wellesley in the diagram already 
exhibited. While the amount of manufacturing in these towns is com- 
paratively small, yet with nearly 100 per cent of the services metered they 
are using over 80 gal. per capita. The use for manufacturing in the Metro- 
politan Water District is probably less per inhabitant than in the case of 
New Bedford. 

It will be noted that the consumption of water per capita in the city of 
Boston is much higher then in any other cities and towns of the Metropoli- 
tan District and that the percentage of metered services is less than in the 
district outside the city. The per capita consumption in Boston rose to 
152.4 gal.in 1907 before the general use of meters, and dropped to 104.2 gal. 
in 1915 after about 53 per cent of the services had been metered. Since that ~ 
time the amount used has increased, amounting to 126 gal. in 1920. It is 
possible that a considerable reduction may be effected in the consumption of 
water in the city of Boston by the application of meters to the remaining 
services, though this seems hardly probable. It is natural that the con- 
sumption of water per capita in the city of Boston should be considerably 
higher than in the Metropolitan District as a whole, because the city con- 
tains the principal business center of the entire district and is peopled 
during the day by many thousands who live in other parts of the district 
or outside its borders. No doubt a very large quantity of water is con- 
sumed in the down-town section of the city by those. who live in 
other places, thus greatly increasing the consumption of water per capita 
charged to Boston. Some indication of the increase in population of the 
city of Boston in the day time is furnished by records of passengers carried 
by the railroads, the subways, elevated and trolley lines, and from these 
records it is possible to estimate probably quite closely the population which 
is to be provided for in addition to that of the city itself. From a study of 
these records it appears probable that the population of the city of Boston is 
increased during the day time by some 250 000 people or more, who live 
outside its limits. When the fact is taken into account that the population 
is increased one-third during the day time, it is important that allowance for 
this increase be made in estimating the degree to which the consumption of 
water in the city can be reduced. In view of the fact that the consumption 
has begun to increase since 62 per cent of the services were metered, there 
is no great encouragement to expect that a further material reduction in 
the consumption of water per capita will be effected by metering the re- 
maining services. 
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AUXILIARY SUPPLIES FOR MANUFACTURING. 


This question has always arisen in connection with investigations for 
an additional water supply. The only large sources of supply of fresh water 
are the rivers which flow through the district, especially the Charles, the 


especially in the winter and spring. A large part of the flow of the Charles 
River is withdrawn before it reaches the Metropolitan Water District in the 
drier part of the year,and very little water is available except in the Charles 
River Basin. The water of the basin might possibly be used for some 


towards its upper end, but during much of the time the water of the basin is 
largely salt, and this is especially true in dry years. It is not probable that 
any considerable permanent supply of water for manufacturing can be ob- 
tained from that source. The water of the Neponset River and of the 
Mystic River within the limits of the Metropolitan District are far too badly 
polluted for most manufacturing purposes. There are large numbers of 
wells within the limits of the Metropolitan District and in some sections 
where conditions are faverable for the purpose considerable quantities 
of ground water are obtained, but the areas in which water can be ob- 
tained from the ground in considerable quantities are quite limited and 
the aggregate amount of water obtainable in this way for manufacturing is 
probably insignificant as compared with the amount used from the public 
works. There is little to expect in the way of increased water supply from 
the further development of local sources for industrial uses. 


PREVENTION OF LossES BY LEAKAGE. 


The prevention of loss of water by leakage from distribution pipes is 
receiving much attention especially by the Boston Water Department, and 
excellent results have been obtained during the comparatively short time 
this work has been in progress, a considerable saving in the loss of water 
having already been effected. The results of this work so far as it has been 
carried indicate, however, that the preventable loss of water is not great 
in comparison with the whole amount of water used and such loss is likely 
to persist and to be more or less constant even with the most efficient 
inspection practicable. This is true especially in some of the older parts of 
the city where the water pipes have been laid for many years in streets in 
which numerous other structures have been placed, increasing the danger 
of breaks and leaks. It is probable that most of the loss of water by leak- 


age from water pipes is due to numerous comparatively small leaks which — 


are distributed over so great a length of pipe line that the cost of wholly 
eliminating them would obviously be prohibitive, but the work of eliminat- 


ing losses of water by leakage, so far as it is practicable to eliminate them, - 


is of the highest importance in preventing a greater increase in the consump- 


PossIBILITY OF REDUCING THE CONSUMPTION OF WATER BY THE USE oF ~ 


Mystic and the Neponset rivers, which carry considerable volumes of water, — 


manufacturing purposes during a considerable part of the year, especially — 
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tion of water per capita and losses and damage in other ways. While in 
earlier years, when water mains were sometimes constructed of inferior 
material or laid without sufficient care, the losses of water by leakage from 
pipes were in some cases large, it is probable that such installations have 
been for the most part eliminated and it is doubtful whether there is a 
material preventable loss of water by leakage from water mains in the 
Metropolitan Water District as a whole at the present time. 


CONSUMPTION OF WATER IN THE GREAT CITIES OF THE UNITED STATES. 


It is of interest in considering the probable future use of water in the 
Metropolitan Water District to compare the consumption per capita with 
that of other great cities in the United States at the present time. This 
comparison is shown in the following table, which includes all of the northern 
cities east of the Rocky Mountains which had a population in 1920 in 
excess of 400000. From this table it appears that the consumption of 
water in the Boston Metropolitan District is less than in any city of over 
400 000 inhabitants in the northern part of the United States where the 
climatic conditions are similar to those at Boston. 


CoMPARISON OF CONSUMPTION OF WATER PER CAPITA IN METROPOLITAN WATER 
DIsTRICT WITH CONSUMPTION IN NORTHERN CITIES OF THE UNITED STATES 
WHERE POPULATION IS IN Excess or 400 000. 


1920 
Per Cap. Cons. % Metered 

Population. (Gallons). Services. 
Beet ¥ OF S552 See Pes 5 620 048....:. ROR eel. 
SMCSHO: ee Sikes eae BESS 2 701 705...... » ee ae poe 
Prada. 3o55 0 os Fa ae 4 Bee ere... Pe a cake Romy nce 23 
Boston Met. Dist.* ............. 1 252 903...... > a ee 75.6 
POM... aie S iG SOLAR 993 678...... 7 * Reape aes 97 
RO ai onc koe Gas ehine oes yo.” © Circa Bea ate 100 
De Lene. (REO) ooo co 2 Ss 772 807... .... . | ay 8 
MIMAIOORO 6 SEN ies SR aie 733 826...... it” Se oer 3 
Pitre oS ese tasteo ces ey ee SR ecco as 38 
Waele. ee See RO a 506 775. ..... ys Ted See ere eg 8 
Pewee 56). ao ise. Lee S hs 457 147...... MBGie ee) EU: 99 
WME os ca ee ys site Hes 457 G71. 55. ROM Fie cig 2h 85 
OWAEE «5 sop Srey Ne im nieen 414 524...... OR Bo: 92 


Cminnats 666 boos FORE Ae eh eS MMMM LE IRIN Son oe PS 











* Including Newton. 
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In studying the records of water consumption of the past with a view 
to applying them in estimating for the future, it is necessary to make allow- 


ance for variations due to a va-iety of causes, among which are the activity | 
of business and industry, meteorological conditions, the efficiency of 
methods of preventing unnecessary use and waste, besides other circum- 


stances. 

Business and industrial conditions have a material effect upon the 
consumption of water because of its extensive use for mechanical, manu- 
facturing and general industrial purposes. The very low consumption of 
water between 1893 and 1896 was doubtless largely due to the great business 


depression in those years. The same is true in 1915 and, while complete — 


returns are not available for 1921, a similar reduction is to be expected in 
that year. Meteorological conditions — heat, drought, excessive cold or 
unusual rainfall — also produce very marked variations in the consumption 
of water from year to year. In very dry periods much more water is used 


than in years of average rainfall and in periods of great heat the draft 


upon the water supply system is much larger than usual. Excessive 
rainfall, on the other hand, if occurring in the warmer part of the year. 
reduces the draft of water from the public works. 

More marked even than great heat or drought is the effect of winter 
temperatures upon the use of water. In very cold winters the use of water 
is greatly increased because of the necessary waste to prevent the freezing 
of pipes. This amounted in a recent cold winter to an average of over 
18 million gallons per day during the four winter months. 

No doubt a part of the low consumption in 1915, as already stated, was 
attributable to the poor business conditions in that year, but a large part 
must also be attributed to the mildness of the winter and to the unusual 
summer rainfall. In 1921 there was also an extremely mild winter, one of 
the mildest ever recorded in New England, and a very wet summer. There 
was also a serious business depression, more severe probably than in 1915, 
and these conditions should cause a very low consumption of water in 1921. 

Another cause of variation in the consumption of water from public 


works in the past has been that resulting from the varying efficiency of — 


methods adopted for the prevention of waste. In earlier years inspection 
was relied upon to prevent loss of water in this way, but not until the appli- 
cation of meters to water services generally, furnished a means of pre- 
venting unnecessary waste by charging for it at the usual rates, was an 


adequate method of waste prevention put into effect. That this method | 
has been most effective in preventing excessive use and waste of water is — 
well shown by the decrease in the consumption of water in nearly all cities, — 


including the Metropolitan Water District, following the general intro- 


duction of meters. This decrease was no doubt due in part to the fear of — 
large water bills under the meter system, but since experience did not show — 







VARIATION IN THE CONSUMPTION OF WATER FROM YEAR TO YEAR. 
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: that the use of meters caused a materially higher charge to the householder 


than the former system, provided the plumbing was kept in reasonably 
satisfactory condition, and since in many cases the charge was less than 
before the meter was applied, it is probable that after a time less care is 
exercised in restricting the amount of water used than was the case when the 
meter was first installed. There are cases also in which after the meter 
system has been put in operation it has not been maintained with the care 
and efficiency necessary to the best results and its effectiveness has become 
materially reduced. These conditions have appeared thus far only in a 
very few cases, but the fact that they have occurred is an indication that 
there are likely to be variations in the consumption of water in the future 
due to the varying efficiency in the maintenance of the meter system and in 
the efforts made to prevent waste. 

The conclusions to be drawn from the experience of the cities in which 
service pipes are largely or wholly metered shows clearly that, notwith- 
standing the general use of the meters, there is an increase in the use of 
water per capita at the present time in practically every city without 
exception. The continued use of meters can probably be depended upon 
to prevent such great increases as were experienced before their use was 
begun and to keep the waste of water within reasonable limits. This in- 
crease will vary from causes such as those already indicated, but that it 
can be wholly prevented in the future by any means which are now avail- 
able seems improbable. 

Summarizing the results of this study, it is found that there has been 
on the whole a steady increase in the per capita consumption of water ever 
since a water supply was first introduced into the principal city of the dis- 
trict many years ago. Its causes are: 

(1) The introduction of ample supplies of pure, soft water, supplied 
under ample pressure in any desired part of a dwelling house, store or 
factory and capable of advantageous use for a great number of purposes. 

(2) A gradually improving standard of living accelerated no doubt by 
the experiences of the war which have led to a demand for better housing, 
more plumbing fixtures and other aids to comfort and health obtainable 
through a freer use of water from the public works. 

(3) The increasing use of water for manufacturing and mechanical 
purposes, especially where no large quantities of fresh water are available 
for such uses except from the public works. 

(4) Unpreventable waste from numerous small leaks which could be 
repaired only at excessive cost and which with ageing pipes and structures 
will doubtless continue, notwithstanding the fact that a large amount of 
waste has been and must continue to be eliminated to the fullest practicable 
extent. 

(5) Metering the remaining services after 75 per cent have been 
metered is unlikely to have any material effect in reducing the consump- 
tion of water per capita, while on the contrary the common and well-nigh 
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universal experience has been that the per capita consumption continues 


to increase after 75 per cent of the services have been metered, notwith- 
standing the increase in the number of meters. 

(6) The consumption of water per capita in the Metropolitan Water 
District is not excessive when compared with cities of similar size in this 
country, On the contrary it is now decidedly less than in any city of 
similar population and climatic conditions in the United States. 

(7) The cost of water is and will continue to be exceedingly small for 
a very long time to come; in fact the present price for the average family 
seldom exceeds the cost of the daily newspapers, and the charge for water 
is not included in the general tax levy. It is a special tax and on account 
of the fact that some of the water income is diverted in many cities for other 
municipal uses, the charges for water even now are higher in some places 
than they need to be if the water revenue was used solely for providing and 
maintaining a water supply. 

(8) Heat, drought, and excessive cold all produce marked variations 
in the consumption of water and large allowances must be made for varia- 
tions from such causes. Extremes of temperature and of rainfall such as 
have occurred in the past will occur again and perhaps in even greater 
severity. 

It is of course impossible to estimate with certainty the quantity of 
water that will be used per capita in the Metropolitan District in future 
years; but in the face of the evidence that the use of water has ever been a 
constantly increasing one and that the indications point to a growing use 
in the future, it is unreasonable to ignore the available facts, and while 
every effort must be made to keep the water consumption within reasonable 
limits, the health of the people should not be placed in jeopardy or the 
public put even to serious inconvenience because of the assumption that 
means can and will be found and applied in the immediate-future to restrict 
the growing use of this important necessity. Prudence requires, that — in 
estimating for the future — allowance shall be made for an increase in the 
consumption of water per capita to the extent indicated by past experience. 


EsTIMATED INCREASE IN WATER SUPPLY REQUIREMENTS IN THE. 
METROPOLITAN WATER DISTRICT. 


In the cities included in the table already given the increase in the 
consumption of water per capita in metered cities has ranged as a general 
rule from 0.85 to 2.50 gal. per person per year and has averaged 1.31 gal. 
per year if the year 1920 be omitted. If comparison is made of the con- 
sumption of water in the cities of Boston, Somerville, Chelsea and Everett 
in the early 80’s, when effective measures were being enforced to prevent 
unnecessary use and waste of water, with the consumption of water in the 
same municipalities in 1920, it appears that the consumption has increased 
at about the same rate. 
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The record of the use of water in these four cities covering a long period 
of years is a very interesting one in this connection, and a summary has 
been made of the available information as to the consumption of water in 
these cities since a water supply was first introduced into the city of Boston 
in 1848. The construction of the Mystic works was not begun until 1862, or 
14 years after the completion of the Cochituate works designed for the 
supply of the city of Boston. 

The population and consumption of water, so far as the records show, 
in these four cities is given in the following table: 


POPULATION AND WATER CONSUMPTION. 
(Boston with annexations, 1849-1872, inc.) 
(Boston with annexations with Somerville, Chelsea and Everett, 1873-1920 inc.) 


Per Per 

Capita Cent 

Av. Daily Daily Ser- 

Popu- ons. Cons. vices 

Year. lation. Mil. Gals. Gals. Metered. 

CT | een bar 132 378 3.6800 27.8 
| REALE 136 881 5.8379 42.7 
UE Sais Segre 141 603 - 6.8838 48.6 
MOA 8s A ee 146 325 8.1258 55.5 
REE Pe ess 151 046 8.5423 56.6 
|” Pane ete 155 768 9.9020 63.6 
| SSR pparie stn 160 490 10.3463 64.5 
Ieee 163 960 12.0486 73.5 
TERA 167 430 12.7260 76.0 
a pepioess 170 900 12.8470 75.2 
Rac 174 370 13.1750 75.6 
| Rr 177 840 17.2380 96.9 
ERE AE 180 736 18.1893 100.6 
aR R i 183 631 16.6000 90.4 
SRS ene” = 186 527 16.2385 87.0 
| ARRAS ae 189 422 16.6810 88.1 
WR 3 nin oa 192 318 12.6620 65.8 
RRS. 194 557 12.2290 62.8 
MRS 5 as oa 227 752 13.5650 59.6 
Me ae 231 257 14.7692 63.9 
| Se are 246 713 15.0704 61.2 
MR a os Gas 250 526 15.0077 59.9 
2 TERI ES 258 497 13.9455 54.0 
7 PES RS 266 468 15.0634 56.5 
MSs kos yak 364 086 25.6090 70.3 
SARI ote os 376 130 25.7179 68.4 
Bees. ... 388 175 27.0193 69.6 
Me Beart 393 283 29.0635 73.9 
| 0 Spas eet 398 390 29.0598 72.9 
REE 403 498 31.7215 78.4 
eS 408 605 34.5794 84.6 
RES Sos 413 713 35.8879 86.7 
ean 421 350 38.2149 90.7 


Wee. SERA 428 987 38.5452 89.9 
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Per Per 
Capita Cent 
Av. Daily Daily Ser- 
Popu- ns. Cons. vices 
lation. Mil. Gals. Gals. Metered. 
Gniwete 436 624 39.6561 90.8 
Oana Fer 444 261 31.3002 70.4 
gS REGS, 451 898 32.3446 ' 716 
he caro 467 040 34.0277 72.8 
Sis falgvae doy 482 181 37.4811 77.7 
Mean bing 497 323 41.5691 83.6 
sales eee 512 464 39.9005 77.8 
pichesies.s 527 606 42.1731 79.9 
Pus aoe ee 541 876 46.7421 86.3. 
Lp epee 556 146 51.1232 91.9 
aa Pei 570 417 58.1957 102.0 
eee eis 584 687 56.8421 97.2 
Piney ees 598 957 60.2581 100.6 
ee, ib 615 354 68.2393 110.9 
Sc sretastes 631 751 70.3862 111.4 
5 iidigen oi 648 149 
eS 664 546 
tre ceeeee 680 943 |. Records for this period 
DAG eae 690 965 not available. 
veers wane 700 987 
Sagara 711 008 
ES Opecetic eA 721 030 100.7935 139.8 5.5 
GEERT 731 052 102.5884 140.3 6.8 
Spey Oh 747 593 103.3884 138.3 7.7 
ES oreis. 764 134 109.2872 143.0 9.0 
Cries waste 780 675 110.9217 142.1 10.0 
ae ee 797 216 105.8716 132.8 16.6 
ines 2 813 757 98.9463 121.6 24.8 
Seem 830 018 96.7298 116.5 32.7 1 
Bret ee sp 862 933 102.1083 118.4 39.5 l 
peat s ¢ 879 768 90.6642 103.1 45.6 
iss 896 603 93.6701 . 104.4 51.2 ‘ 
eh alse y 913 437 88.9594 97.4 56.5 ‘ 
Soutia a ols 915 641 92.5047 101.0 61.4 J 
Eaeaate ae a 917 844 94.9708 103.5 62.9 ¢ 
sabes 6 920 048 108.9342 118.4 63.2 1 
eer as 922 251 102.2390 110.8 64.1 t 
Beer pe 924 455 108.2463 117.1 65.9 | 
Note: East Boston supplied from the Mystic works in 1870, 1871 and 1872, but records of the quantity J 
of water so supplied are not available. If the population of East Boston be deducted for these three I 
years the per capita figures will be 66.2, 58.2 and 62.5 respectively. i 
0 
These results, together with the estimated population and water consump- n 
tion in the Metropolitan Water District and these four cities, are shown on $ 
the diagram No. 14. r 
It is possible, of course, that the application of meters to the remaining i 
services in the Metropolitan Water District may reduce the consumption of t 
water slightly within the next few years, although there is no indication f 
from past experience that such a result is likely to be attained. It is v 
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probable, however, that some saving can be effected in the loss of water by 
leakage from pipes. In estimating the future consumption of water per 
capita in the Metropolitan Water District it has been assumed that the 
amount of water used will be reduced in the next few years following the 
year 1920 by the application of meters to unmetered services, and that. in 
consequence of this reduction the consumption will not again rise above 
105 gallons until after 1925. Beyond that year it has been estimated that 
the rate of increase will average about one gallon per capita per 
year, being slightly greater in the earlier years of the period but growing 
less as time goes on. Other than the complete metering of all services, 
including the effective maintenance of the meter system and the prevention 
of losses of water by leakage so far as it is practicable to prevent them, 
no further means appear to be available for reducing materially the con- 
sumption of water per capita at the present time unless by some form of 
rationing water which under present conditions would doubtless be deemed 
impracticable and objectionable. On the basis of this estimate and using 
the estimates of population already given, the quantity of water required 
for the supply of the Metropolitan Water District for the next 50 years 
would be about as shown in the following table: 
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CAPACITY OF THE PRESENT SouRCES OF WATER SUPPLY OF THE METRO- 
POLITAN WATER DiIstTRICT. 


_ The sources of water supply owned and controlled by the Metropolitan 
District at the present time are: 

(1) Wachusett and Sudbury Reservoirs, including Framingham 
Reservoir No. 3; 

(2) The southern portion of the Sudbury River above Framingham, 
including Framingham Reservoirs 1 and 2, and the Ashland, Hopkinton 
and Whitehall Reservoirs; 

(3) Lake Cochituate in Natick and Wayland. 

The elevation, area and capacity of the various reservoirs on all these 
watersheds together with the drainage area of each is shown in the following 











table: Area of 

Total Watershed 

Elevation* Area of Storage including 

t) Reservoir Capacity Reservoir 
Reservoir. High Water. Sq. Mi. Mil. Gals. Sq. Mi. 

Wachtett. 0. 0 395.00** 6.46 64 968.0 108.847 | 

Sudvery oo Se EE 260.00 2.21 7 253.5 22.28 
Framingham No.3 ...... 186.74 0.39 1 199.7 5.40 

ME Sis ees 9.06 73 421.2 136.52 
ROE hs Cake ox wage 225.21 0.27 1 416.4 6.43 
WUOHMIE . . 3, cette 337.91 0.94 1 256.9 4.35 
Hopkinton | 25 5 5% 305.00 0.30 1 520.9 5.86 
Framingham No. 2...... 177.87 0.21 529.9 28.50 
Framingham No, 1...... 169.32 0.23 289.9 1.84 
COMB ORR oo sani os 144.36 1.14 2 097.1 17.58 
FORO BOM eke kek se: 159.25 0.26 167.5 0.54 
Fobehis Assy sex 3.35 7 278.6 65.10 


Since the Metropolitan water works was established and water first 
used from the Nashua River on January 1, 1898, the water supply of the 
district has been obtained very largely from the Wachusett Reservoir, 
Sudbury Reservoir and Framingham Reservoir No. 3 though at times large 
quantities of water have been drawn from the other sources; as, for ex- 
ample, in the very dry year of 1911 about 40 per cent of the water used in 
the Metropolitan Water District was drawn from the Sudbury and Co- 
chituate sources. The quantity of water used from the Wachusett and 
North Sudbury sources in 1920 was equal to and in fact probably somewhat 
in excess of their safe capacity in a period of very dry years. Consequently 
as the consumption of water increases hereafter it will be necessary to draw 
more and more water from the Cochituate and southern Sudbury sources. 

Lake Cochituate furnishes water of very poor quality which, though not 
very highly colored, contains much organic matter and is usually affected by 





* Elevation in feet above Boston City Base. 

** It is possible, by use of two flashboards, to raise the water to elevation 397. At that elevation the 
capacity of the reservoir would be 67 686.1 million gallons. 

t Exclusive of areas diverted by the city of Worcester amounting to 9.35 square miles. 
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an objectionable taste and odor. The water of the southern Sudbury sources 
is for the most part highly colored and is also affected by tastes and odors. 
Both the southern Sudbury and Cochituate watersheds, especially the 
latter, contain large populations per square mile, but while the pollution 
of Lake Cochituate enters largely at its extreme southerly end the water is 
drawn from the northerly basin of the lake. The conditions in the southern 
Sudbury watershed are quite different. The large reservoirs on the Sud- 
bury River are located near the head of the watershed while at the lower 


end is only the small Framingham Reservoir No. 2, having a total capacity 


of about 530 000 000 gal. fed by a direct watershed of 28.5 sq. mi. Neither 
source should be used regularly for the water supply of the district unless 
properly filtered. 

In the case of the Wachusett and Sudbury Reservoirs and Reservoir 
No. 3, there is also more or less population on the watersheds, especially 
on that of the Sudbury Reservoir; but most of the sewage is diverted from 
the watershed of the latter source and all of the water flowing from the 
densely populated portion of the city is either filtered or treated with 
chlorine. Long storage is also depended upon both for protection of the 
supply from the effects of possible pollution and for the improvement 
of the quality of the water which long storage affords. It has accordingly 
been assumed in estimating the safe capacity of the Metropolitan sources 
that enough water will be retained in the Wachusett and Sudbury Reser- 
voirs and in Reservoir No. 3 to secure efficient purification by storage and 
render the water safe and acceptable for use; and that the water of the 
southern Sudbury and Cochituate sources will be purified by filtration 
whenever it becomes necessary to use them again for the supply of the 
district. For these reasons, in estimating the combined yield of the various 
watersheds allowance has been made for retaining in Wachusett Reservoir, 
Sudbury Reservoir and in Reservoir No. 3 a total of something over 20 000 
000 000 gal., and in the other reservoirs of the southern Sudbury and 
Cochituate system about 1 400 000 000 gal., a large part of which would 
remain in Lake Cochituate and should be retained there to prevent ob- 
jectionable odors from the exposed bottom of the lake. These allowances 
especially in the case of the Wachusett Reservoir are less than desirable 
and if the water were drawn to so low a level the color would probably 
increase so as to become noticeable in the water supplied to the district. 

The estimated gross yield of all the present sources of water supply of 
the district as given in the State Board of Health report in 1895 was 
173 000 000 gal. per day. Since that time water from a part of the Wa- 
chusett watershed has been diverted for the use of the city of Worcester 
and the area of the Wachusett watershed reduced from 118.19 sq. mi. to 
108.84 sq. mi. Not all of this water has yet been diverted but when the 
Pine Hill Reservoir of the city of Worcester, now under construction, is 
completed, it will be practicable for that city to divert the entire flow of 
water from the area set apart for its use in dry periods and it is consequently 
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essential in estimating the safe yield of the Metropolitan water works to 
assume that all of the water from this area will be diverted by Worcester. 
Allowing for this diversion the gross yield of the present source is about 
169 000 000 gal. perday. The yield is of course larger than the yield of the 
Sudbury, Cochituate and Wachusett sources computed separately since by 
operating them together a larger amount can be obtained than by operating 
them as separate units. 

Of the gross yield of 169 000 000 gal., a considerable part is diverted for 
various purposes, a part is lost by leakage, a further part is used for the 
water supply of certain cities and towns within the Metropolitan watersheds 
which are authorized to take water therefrom, another part is lost by leakage 
into sewerage systems in these watersheds by which it is diverted to points 
outside their limits, and there are unavoidable losses in other ways. With- 
out going into details, these allowances aggregate about 14 500 000 gal., so 
that the available safe yield ofall existing sources is about 154 500 000 
gal. perday. This estimate has been based upon the yield in the dry period 
from 1908 to 1915, and no allowance has been made for a period of lower 
rainfall. Such dry periods have occurred some 5 or 6 times in a century, 
so far as rainfall records in New England show, and in some of these periods 
there has been a smaller precipitation, and hence no doubt a smaller yield 
of watersheds than in the dry period which began in 1908. It is to be noted, 
however, that the estimate is based on the assumption that all of the sources 
of water supply are available for use at all times. Under present conditions 
it is unsafe to use the southern Sudbury or Cochituate sources without filtra- 
tion, and no provision has yet been made for treating these waters. - Unless 
these sources are in regular use, the yield is likely to be less, and perhaps 
considerably less than the estimate here given. 


CONSUMPTION OF WATER IN THE City oF NEWTON. 


In comparing the consumption of water in the Metropolitan Water 
District with the capacity of the sources, it is essential to consider the city of 
Newton which, though a part of the district, has continued to supply itself 
with water, except in emergencies, from its own sources near the Charles 
River, up to the present time. The capacity of these sources has recently 
been the subject of a careful study by the city engineer of Newton, which 
indicates.that that city can furnish from its own works at the present time 
in a very dry period, if these works are used in connection with the Metro- 
politan Water District, about 4 000 000 gal. of water per day. Without 
going into details as to the capacity and probable limitations of the yield of 
the Newton water works sources, it may be said that the estimate of a safe 
yield of 4 000 000 gal. per day from the Newton sources used in connection 
with the sources of the Metropolitan Water District, as seems probable, 
appears to be a reasonable one under the conditions which exist in the 
Charles River valley at the present time. 
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CAPacITy OF PRESENT SOURCES OF THE METROPOLITAN WATER DiIstRIcT 
To MEET THE REQUIREMENTS OF THE DISTRICT. 


The estimated yield of all the sources of supply available to the 
Metropolitan Water District is in round numbers 154 000 000 gal. Adding 
to this the estimated safe yield of the sources of water supply of the city of 
Newton, the safe yield of all available sources of the cities and town in the 
district is 158 000 000 gal. per day. This amount will diminish no doubt 
in the future on account of increases in the amounts of water diverted for 
water supply by the towns now using water from the Metropolitan water- | 
sheds and also by leakage into the sewerage systems in those watersheds. 
The following table shows a comparison of the yield of the available sources 
with the estimated quantity of water required as given in the earlier portion 


of this report. 


TABLE SHOWING A COMPARISON OF THE YIELD OF THE METROPOLITAN WATER SUPPLY 
Sources PLUS THOSE OF THE CiTy OF NEWTON AND THE CONSUMPTION OF 
WATER IN THE PRESENT METROPOLITAN WATER DISTRICT 

IN Census YEARS, 1920 To 1935. 


1920* 1925 1930 1935 
(Million Gals. per Day.) 


Safe Yield of all Metropolitan sources in- 











cluding Newton supply.............. 158.0 158.0 158.0 157.0** 
Consumption of water in Metropolitan 

Water District (including Newton).... 131.0 145.0 168.5 193.1 
Nn ii iin as cea ig ibd vnc 27.0 13.0 shat Seal 
RNIN ae die sigs bein ge adhe s eee Roa 10.5 36.1 | 


* Actual; other figures estimated. 
** An allowance for a reduction of 1 000 000 gallons per day is made to scans for additional 


increases in the diversions of water from the Metropolitan watersheds and increasing losses by leakage. 


This table shows that by the year 1930 the quantity of water required 
by the district on the basis of the estimates already given will exceed the 
safe yield of the sources of supply on an average about 10.000 000 gal. per | 
day. 

In this estimate no allowance is made for the taking of additional water 
from the district sources by any of the municipalities having rights reserved 
therein under various legislative grants which have not yet exercised such 
right. Rights have been reserved to some 19 municipalities but have thus 
far been exercised by only 9. 

More important still, however, is the fact that no allowance is made 
in these calculations for supplying water to municipalities outside of the 
limits of the present district but within the 10-mile radius from the State 
House which may join the district if they so elect. There are also several 
other municipalities which may desire to take water from the district 
and which may properly be supplied therefrom under the terms of the 
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Metropolitan water act. While neither Worcester nor the other municipal- 
ities outside the present limits of the Metropolitan Water District are 
members of that district, they nevertheless have substantial claims upon a 
water supply from or in connection with the district, and it is essential that 
their possible requirements shall be taken into account in any consideration 
of the future water supply of the Metropolitan Water District. It is not 
practicable, however, within the limits of this paper to consider except in the 
briefest way the possible needs and requirements of the municipalities not 
now connected with the Metropolitan Water District but which are likely 
to require a water supply from the district in some future time. 


WORCESTER 
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WaTER SUPPLY OF THE City OF WORCESTER. 


First in importance among the municipalities requiring consideration 
in this connection is the city of Worcester which has grown steadily for 
many years and in which the per capita consumption of water has been 
increasing quite rapidly in spite of the fact that more than 90 per cent of the 
services have been metered for the past 26 years. These results, together 
with the estimated population and water consumption are shown in diagram 
No. 15. 

An investigation for an additional water supply for the city of Wor- 
cester was made by a special commission of that city under the authority 
of Chapter 176 of the Acts of the year 1918 and a report of that commission 
is printed as Senate Document No. 346 of the year 1920. This report pre- 
sents in some detail the results of studies of the sources of water supply in 
the region about the city of Worcester and recommends that that city be 
authorized to take an additional supply from Quinepoxet Pond and a 
neighboring stream, tributaries of the Quinepoxet River which is one of the 
main feeders of the Wachusett Reservoir. The portion of the Wachusett 
watershed from which the city of Worcester desires to take water has an 
area of about 17.4 sq. mi. or about 15.9 per cent of the area remaining 
tributary to the Wachusett Reservoir, after which the diversion of the 
watershed of Pine Hill and Kendall reservoirs was authorized in the 
original Metropolitan Water Act. 

That Act, in Section 22, states that “‘ the towns of Clinton, Sterling, 
Boylston, West Boylston, Lancaster, Holden, Rutland, Princeton and 
Leicester and the city of Worcester may take from the south branch of the 
Nashua River above the dam of the proposed reservoir on said river so much 
of the water thereof as they have already been or may hereafter be author- 
ized by the legislature to take for supplying their inhabitants with water, 
etc.” The act goes on to provide for payment for any water that may be 
diverted under the act. In the report of the State Board of Health of 1895 
relative to a Metropolitan water supply a certain area is marked on the plan 
of the Nashua River watershed as “recommended for the city of Worcester” 
and by the provisions of a later act the city was granted the right to take 
water from that area. 

The present sources of water supply of the city of Worcester are a 
group of storage reservoirs on Kettle Brook in Leicester and Paxton, on ~ 
Lynde Brook in Leicester, on Tatnuck Brook in Holden, and on certain | 
tributaries of the Quinepoxet River within the watershed of the Wachusett 
Reservoir. The Kettle and Lynde Brook sources supply the high service 
districts, while the reservoirs on Tatnuck Brook known as Holden Reser- 
voirs Nos. 1 and 2, supplemented with water from Kendall Reservoir within 
the Wachusett watershed which is diverted into the upper end of Holden 
Reservoir No. 1, supply the low service districts. A reservoir much larger 
than any now in use, known as the Pine Hill Reservoir, is being constructed — 
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within the portion of the Wachusett watershed assigned to Worcester. 
The water of this reservoir will flow by gravity to Kendall Reservoir and 
thence to the Holden Reservoirs. 

The area and capacity of the various reservoirs are given in the follow- 
ing table. 





WoRCESTER 

Area of 

Total Watershed 

Area of Storage including 

Elevation.** Reservoir Capacity Reservoir 

Reservoir. (Feet) (Sq. Mi.) (Mil. Gals.) (Sq. Mi.) 
Kettle Brook, No.4 ...... 1 082.74 0.186 514 1.805 
Kettle Brook, No.3 ...... 1 040.00 0.058 152 0.722 
Kettle Brook, No.2 ....... 988.50 0.048 127 0.569 
Kettle Brook, No.1 ...... 845.36 0.007 19 1.002* 
Lynde Brook ............ 822.94 0.206 701 2.921 
Upper Holden . > 5... 3S: 750.88 0.211 794 4.555 
Lower Holden............ 718.80 0.089 283 0.676 
Kenta oi Ce 814.00 0.273 - 850 2.451 
Pine Faso sins Meee Ge 910.00 0.720 3 000 6.899 
1.798 21.600 


* Includes Peter Brook. 
** Above Mean Sea Level. 


The safe yield of present sources of water supply of the city of Wor- 
cester is 16 million gallons, but with the completion of the Pine Hill Reser- 
voir the yield will be increased to 19.3 million gallons per day. At 
the rate of increase in the use of water maintained by the city for many 
years, the present sources with the Pine Hill Reservoir completed will be 
sufficient for the requirements of the city for about 5 or 6 years only. 

The city of Worcester now desires an additional water supply. It is 
probable, however, that the city of Worcester will eventually supply water 
to some of the adjacent municipalities. Its population and the quantity of 
water used by the city in census years since 1900 and the estimated quantity 
required until 1970 are shown in the following table. 


WORCESTER 


PopunaTion, Datty WATER CONSUMPTION AND Per Capita CONSUMPTION, 


1900-1920. 

Per Capita Total 

Consumption Consumption 
Year. Population. (Gals.). (Gals.). 
1OOG oe St oem eue Sie Sak i eS 8s Bae a rovey ares 8 153 000 
BOO ss oes Gente nee Se a ee ee i naan ia at aes 9 581 000 
POS SORE SD ale ARN oS. aes SN fo em a 10 805 000 
WIG: 33s reves eae ES ica oases MARS a ak ceioa 0 ire 12 818 000 


FORO yest pee fensS LO TOA Ss sivas BA oe. dei wasn 16 515 000 
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Estmatep PoputaTion, Darty Water CoNsUMPTION AND Per Capita 
ConsuMPTION 1920-1970. 
Per 















} 
Capita. Total 
Popu- Consumption Consumption 
: lation. (Gals.). (Gals.). 
: Se eee Ree tae eS eae cE | do pg 16 515 000 
VS SO eee 198 800 ......... 068 356 19 215 000 
: SCARS esac at rare rly (| | Serene OT Co er -.. 22 098 000 
| | Tee eae erat a F : ae ar ci he Aiepesirion ate teeta 25 169 000 
MRS es Sec RNs ye || | aaa crap LR Gs tae ni pre a 28 538 000 
/ RRO ees St ee ee BAA PAN Sek OS eeies Were a 32 086 000 
; a Belen esebap apaniys S28 BOs OOD a he Cer era lpe ss ea 35 790 000 
1. Ee a pUEAS Ea Bie Fae PO 2c eas i | 8 eee ee ya 39 627 000 
SOMME Scie oie Bsa ed re OD 25). oeies IOBG;: 6 3. aes 43 673 000 
Stes wy ee WOO ON iiss ke We oe oka 47 808 000 






Gi kiaise epee 137.0 RE ERS: 


* 1920 figures actual; others estimated. 











PROBABLE REQUIREMENTS OF CITIES AND Towns WITHIN 10 MILEs oF 
THE STaTE House NoT AT PRESENT INCLUDED IN THE METROPOLITAN 
Water DistRICcT. 







The cities and towns within the 10-mile limit from the State House 
which are eligible to join the Metropolitan Water District under the pro- 
visions of the Metropolitan Water Act are the following: 













Cambridge Canton Hull Saugus 
Brookline Braintree Wakefield Winchester 
Wellesley Weymouth Woburn Waltham 
Needham Hingham Lynn Dedham 








The Metropolitan Water Act, Chapter 488 of the Acts of the year 
1895, provides that the Metropolitan Water Board “shall on application 
admit any other city or town, any part of which is within ten miles of the 
State House, into said water district, etc. . . . onsuch payment of money 
as said board may determine.” As already stated a number of cities and 
towns have joined the District since the Metropolitan Water Act was passed 
and it is interesting to examine the conditions under which those municipali- 
ties were admitted to the district and the entrance fee paid for the purpose. 

The towns which have been admitted since the district was created 
and the amounts paid by each are as follows: 













Arlington, admitted Jan. 31, 1899, entrance fee $15000 and property valued at 


$15 000. 

Lexington, admitted Feb. 13, 1903, entrance fee $27 250. 

Milton, admitted March 10, 1903, entrance fee $10. (Previous payments by 
Milton Water Company being a consideration in part for admittance.) 

Nahant, admitted Sept. 13, 1898, entrance fee $20 000 and an annual payment of 
$800 until Swampscott began to buy water. 

; Quincy, admitted June 24, 1897, entrance fee $5 000. 

i Stoneham, admitted May 23, 1901, entrance fee $30 000. 

Swampscott, admitted May 3, 1909, entrance fee $90 000. 
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It will be seen from this record that the last town admitted was Swamp- 
scott in 1909, 13 years ago, and the last one previous to Swampscott was 
Milton admitted in 1903, 19 years ago. A number of cities and towns 
have since sought to join the district but have been deterred mainly by 
the large entrance fee likely to be assessed upon them for admission. 

This question of the charge for the admission of other cities and towns 
to the Metropolitan Water District is constantly arising. Hitherto it has 
been customary to require the municipality applying for entrance to the 
district to pay its proportionate share of the accumulated sinking fund as 
determined by the Commission, with possibly some extra charge for the 
necessary works required for a physical connection with the District. 
The method was a satisfactory one in the beginning at least, because for 
those who came in early the share of the sinking fund was comparatively 
small, and at that time the works were ample for all requirements. 

In the year of the last admission, in 1909, the sinking fund amounted 
to $7 203 406.08. With the increase in the total amount of the sinking 
fund which amounted in 1920 to $16 953 165.15 the charge for admission of 
additional municipalities has been necessarily a constantly increasing one; 
yet, while the charge for admission is increasing, the prospective benefit of 
the works to the entering municipality, as well as their practical value, is 
decreasing, since their capacity is being approached and some obsolescence 
has occurred. 

The matter has reached a stage where the cost of admission has 
apparently become a serious deterrent to the addition of other municipali- 
ties to the Metropolitan Water District. In the end of course, within a 
comparatively few years, the sinking fund will be used for the payment of 
the bonds, the debt will be fully paid, and the basis for this method of 
determining the charge for admission of other municipalities to the district 
will disappear. With the increase in the size of the works which must 
inevitably be made and the material addition to the cost which must come 
in the immediate future, it seems necessary that a new basis for the charge 
for entrance to the district should be devised. 

The Metropolitan water act gives the Metropolitan District Commis- 
sion the sole right to determine the charges for admission of other cities and 
towns to the Metropolitan Water District; but a change in the law could 
probably be made if agreed to by the Metropolitan District Commission, 
and an arrangement might be reached which would be a reasonable one and 
would be generally acceptable. The charge based on the past methods 
of computation are regarded, probably with reason, as excessive at the 
present time. The method should be revised as promptly as possible in the 
interests of all concerned. The matter is a most important one and its 
present status unsatisfactory. 
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The aggregate population in 1920 of the sixteen municipalities which 
though eligible have not joined the district, was 391 448; and the total 
quantity of water consumed by them was 34 241 000 gal. per day, or 87.4. 
gal. per person per day. The population, per capita consumption, per cent 
of metered services and total consumption of water in each of these muni- 
cipalities, so far as the records are available in the last 20 years, are shown in 
the following table. 


POPULATION AND CONSUMPTION OF WATER OF 16 MUNICIPALITIES WITHIN 10 Mies 
; oF State Howse. 



































1900-1920. 
1900 1901 
Per Capita Total Per Capita Total 
Con- Con- Con- Con- 
Population. | sumption. sumption. Population. | sumption. sumption. 
(Gals.) (1000 Gals.) (Gals.) (1000 Gals.) 
Cambridge .. . 91 886 79.0 7 304 92 996 83.0 7 690 
Brookline .... 19 935 97.0 1 941 20 635 92.0 1 902 
Wellesley .... 5 072 47.0 239 5 295 46.0 244 
Needham .... 4 016 56.0 224 4 070 57.0 231 
Canton*: ..... 4 584 46.0 209 4 608 43.0 197 
Braintree .... 5 981 91.0 544 6 161 78.0 479 
Weymouth** . ye! Se ch ae 610 1 BR Paes 630 
Hinghamf?.... 5 059 50.8 257 5 011 51.5 258 
| Se Se 1 703 145.0 247 1 774 146.8 260 
Wakefield(e). . 9 290 60.0 557 9 500 60.0 570 
bla a pike 14 254 78.0 1 117 14 284 78.0 1 120 
WR 
onl \ 73 597 64.0 | 4 680 75 537 60.0 4 506 
Winchester(f) . SMR EA? loa’ 225 Cf © een eae ee 240 
Waltham .... 23 481 90.0 2 118 24 041 95.0 2 291 
Dedham ..... 7 457 79.0 586 7 520 83.0 621 
ToTats..| 284 887 73.2 20 858 290 255 73.2 21 239 
1902 1903 
Cambridge .. . 94 105 86.0 8 099 95 215 91.0 8 642 
Brookline .... 21 335 92.0 1 961 22 036 96.0 2 116 
Wellesley .... 5 519 47.0 257 5 742 51.0 294 
By am .... 4 123 67.0 275 4177 71.0 295 
Canton ...... 4 631 49.0 226 4 655 55.0 254 
Braintree . 6 340 85.0 538 6 520 88.0 574 
Weymouth 6 a S| Bt pera oe 650 1: 2 - See aeepaoairer 670 
Hingham.... . 4 963 §2.2 259 4 915 52.8 260 
ESA 1 846 148.5 274 1 917 150.2 288 
Wakefield .... 9 681 60.0 577 9 877 60.0 588 
foburn ..... 14 313 83.0 1 193 14 343 94.0 1 351 
a, Store 77 476 60.0 4 684 79 416 65.0 5 138 
Winchester .. TM OPP OS 250 1 OE BOSS 255 
Waltham 24 601 99.0 2 435 25 162 90.0 2 254 
Dedham ..... 7 584 89.0 675 7 647 104.0 796 
Torats..| 295 591 75.6 22 353 300 947 79.0 23 775 




















For references, see page 230. 
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1904 1905 
Per Capita Total | Per Capita Total 
Con- Con- | Con- | Con- 
Population. | sumption. sumption. Population. | sumption. | sumption. 
(Gals.) (1000 Gals.) | (Gals.) | (1900 Gals.) 
l 
Cambridge . . . 96 324 92.0 8 847 97 434 92.0 8 973 
Brookline ... . 22 736 103.0 2 348 23 436 95.0 2 228 
Wellesley .... 5 966 52.0 313 6 189 47.0 289 
Needham .... 4 230 65.0 274 4 284 66.0 284 
Canton ...... 4 678 62.0 288 4 702 63.0 296 
Braintree .... 6 699 88.0 592 6 879 87.0 600 
Weymouth ... ER S80) fa 690 TE GBR} is 700 
Hingham..... 4 867 53.5 260 4 819 54.1 261 
Be oe 1 989 152.0 302 2 060 153.8 317 
Wakefield .... 10 072 65.0 655 10 268 73.0 747 
Woburn ..... 14 372 98.0 1 413 14 402 103.0 1 490 
Lynn ...... rp , 
ee: \ 81 355 66.0 5 333 83 295 59.0 4 924 
Winchester .. Bee eee 260 8 DOR So as 270 
Waltham .... 25 722 81.0 2 073 26 282 79.0 2 070 
Dedham ..... 7 7il 135.0 1 041 7 774 135.0 1 046 
: Torats ..| 306 297 80.6 24 689 311 651 78.6 24 495 
1906 1907 - 
Cambridge .. . 98 915 96.0 9 491 100 396 109.0 10 992 
Brookline . . . . 24 307 84.0 2 048 25 178 89.0 2 236 
Wellesley .... 6 034 45.0 278 5 879 52.0 305 
Needham .... 4 432 77.0 342 4 581 69.0 315 
Canton ...... 4 721 49.0 230 4 740 51.0 244 
Braintree .... 7 116 77.0 549 7 354 66.0 484 
Weymouth. .. EP Gee ie 720 2 3208S Fk. 740 
ingham..... 4 848 54.7 265 4 877 55.4 270 
WM cccisc 2 069 155.5 322 2 077 157.2 327 
Wakefield .... 10 495 69.0 729 10 722 68.0 724 
Woburn ..... 14 583 104.0 1 513 14 764 114.0 1 682 
ae crocs \ 86 113 60.0 | 5133 | 88 930 68.0 | 6 018 
Winchester 9 ie eee 280 S$ Gee 4 
Waltham 26 592 73.0 |° 1 941 26 903 84.0 2 272 
Dedham ..... 8 076 95.0 770 8 378 104.0 868 
Torats..| 318 604 77.2 24 606 325 557. | 85.3 {| 27 767 
1908 1909 
Cambridge ...| 101 877 103.0 10 450 103 358 95.0 | 9 859 
Brookline ... . 26 050 90.0 2 353 26 921 86.0 | 2314 
Wellesley .... 5 723 54.0 310 5 568 58.0 324 
Needham ....| 4729 | 75.0 355 | 4878 | 69.0 | 335 
Canton ...... 4 759 59.0 280 4 778 60.0 | 287 
Braintree .... 7 591 56.0 424 7 829 63.0 493 
Weymouth .. 19 S78 esc 770 12 Gat es 790 
Hingham .... 4 907 56.0 - 216 4 936 56.7 280 
LO Epler 2 086 159.0 332 2 094 160.8 | 337 
Wakefield ... 10 950 67.0 730 11 177 62.0 | 698 
hg siete 14 946 111.0 1 652 15 127 119.0 | 1 803 
ieee ‘ 
de \ 91 748 67.0 6 118 94 565 68.0 | 6 394 
Winchester .. oY Set Dee 300 9 O08 st.2 2 ok... 310 
Waltham .... 27 213 83.0 2 266 27 524 87.0 | 2 382 
Dedham ..... 8 680 109.0 947 8 982 129.0 | 1 160 
Torats ..| 332 512 82.9 27 562 339 465 81.8 27 766 
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1910 


1911 





Population. 


Per Capita 
yon- 
sumption. 


(Gals.) 


Total 
Con- 
sumption. 


(1000 Gals.) 


Population. 


Per Capita 
Con- 
sumption. 

(Gals 


Total 
n- 
sumption. 
(1000 Gals.) 





Cambridge .. . 
Brookline .... 





104 839 
27 792 
5 413 


100.0 
89.0 
61.0 
66.0 


10 458 
2 476 
331 
332 
293 
653 
810 
284 
342 
694 
2 134 


7 027 


325 
2 443 
1 202 


105 636 
28 932 
5 618 
5 329 
4 962 
8 321 
13 110 
5 025 
2 140 
11 679 
15 528 


99 112 


9 448 
28 298 
9 636 
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10 226 
2 605 
354 
308 
323 
524 
840 
291 
351 
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Winchester .. 
Waltham .... 


TorTAaLs .. 





30 071 
5 823 
5 632 
5 127 
8 577 

13 325 
5 085 
2 178 
11 955 

15 749 
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9 587 
28 762 
9 988 
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1916 1917 





Per Capita Total Per Capita Total 
Con- Con- Con- Con- 
Population. | sumption. sumption. Population. | sumption. sumption. 
’ (Gals.) (1000 Gals.) (Gals.) | (1000 Gals.) 





9 712 
3 078 
544 
379 
296 
588 
127 
334 


9 711 109 171 
2 838 35 193 
498 6 353 
413 6 730 
301 5 752 
625 9 838 
918 14 404 
326 5 400 
2 186 378 2 082 364 
12 830 619 12 879 554 
16 443 i 2 229 16 476 046 


106 828 : 7 065 107 626 . 316 


10 101 410 10 197 430 
30 306 : 2 258 30 458 : 249 
10 993 3 1 008 10 943 . 041 


380 853 ; 383 502 


Cambridge ...| 108 996 
Brookline ... . 34 342 
Wellesley .... 6 396 
Needham .... 6 636 
Canton 5 687 
Braintree .... 9 590 
Weymouth . 14 187 
Hingh Pen 5 332 
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1920 

} Per 

é Capita Total 

| Population. Con- Con- 

} sumption. sumption. 

| (Gals.) (1000 Gals.) 

| 
Cambridge ...| 109 694 104.2 11 435 
Brookline ....| 37 748 91.4 3 451 
Wellesley ....| 6 224 86.1 536 
Needham ....| _ 7 012 64.2 450 
Canton ...... 5 945 70.5 419 
Braintree ....| 10 580 70.1 742 
Weymouth 15 057 97.0 1 464 
Hingham .... 5 604 63.7 357 
| See prea 1 771 180.0 — 319 
Wakefield ... | 13 025 47.6 620 
ar cas Bg 16 574 127.0 2 104 

PUN: 35 <3 l 
Saugus ..... f 110 022 82.8 9 113 
Winchester .. 10 485 45.0 472 
Waltham .... 30 915 63.4 1 960 
Dedham ..... | 10 792 74.0 799 
Torats..| 391 448 87.5 34 241 





| 











* Canton — 1913 and 1920 water consumption figures estimated. 

** Weymouth — All water consumption figures estimated, except 1915-20, inclusive. 
+ Hingham and Hull — Water consumption figures estimated. 

(e) Wakefield — 1900 and 1901 estimated figures for water consumption. 

(f) Winchester — All water consumption figures estimated, except 1918 and 1919. 


Most of these municipalities must inevitably obtain all or part of their 
water supplies from the Metropolitan Water District in the not distant 
future, that is within the next 10 or 15 years, though some of them have 
water enough to last for a longer time. Out of the total population of 
about 391 000 in these cities and towns in 1920, it is probable that about 
two-thirds or about 270 000 will require a water supply from the Metropoli- 
tan Water District within the next 10 or 15 years, the length of this period 
depending largely upon the rainfall. These suburban municipalities use 
less water per capita of course than the present Metropolitan Water District 
and in estimating future requirements of the district including these munici- 
palities a smaller consumption of water is allowed for than in the case of the 
district alone. 

Besides the municipalities within the 10-mile limit, there are others 
beyond that limit which may require a water supply from the Metropolitan 
District within the next 10 to 15 years, some for the reason that their water 
supplies are limited and are likely soon to become exhausted, others because 
of the poor quality of the waters now used, and still others because of the 
expense of maintaining their present works. The more important of these 
municipalities contained an aggregate population in 1920 of 44 120. 
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Without going into the matter further and omitting any consideration 
of the remaining towns which have rights to take water from the Metro- 
politan watersheds and omitting also those towns which will naturally take 
their water supplies at some time in the future from the city of Worcester, 
there is a total population of some 570 000 which, including the city of 
Worcester, either have rights in the Metropolitan watersheds or may claim 
the right to a supply of water from the Metropolitan Water District. A 
number of these places, however, can probably obtain a sufficient quantity 
of water from their own sources for many years. 

It is not practicable within the limits of this paper to give a detailed 
statement as to the water supplies of all of the cities and towns which may 
desire to join the Metropolitan Water District or may require a water supply 
therefrom within the not distant future. With the coming of a dry period 
there is likely to be a large increase in water supply requirements from the 
district sources coming from territory outside its present limits, and the 
demands of outside cities and towns for water for use in emergencies could 
not of course be denied. It is necessary, however, that all local sources 
whichare still suitable for use shall be continued in use so long as practicable 
and only surplus requirements drawn from the works of the Metropolitan 
Water District until the district sources have been materially increased. 

Including the-city of Worcester and about two-thirds of the popula- 
tion in the municipalities within the 10-mile limit of the State House which 
are not at present connected with the Metropolitan Water District and 
omitting any provision for municipalities outside that limit, the total 
population to be supplied and the quantity of water which is likely to be 
required for the next 15 years would be about as shown in the following 
table: 








1925 








} Per Per 

| Capita Average Capita Average 

| Daily Daily Daily Daily 
ee Con- Con- Population.| Con- Con- 

sumption.| sumption. sumption.| sumption. 

(Gals.) (Gals.) (Gals.) (Gals.) 








Metropolitan District 
as supplied ...... 1 206 849} 105.5 |127 265 000/1 333 680) 105.5 |140 703 000 





Newitt co. 5 uc 46 054| ..... 3 687 000} 50 200) ..... | 4 267 000 
| | 
Tow ek 1 252 903! 104.5 |130 952 000/1 383 880) 104.8 |144 970 000 


aKeme ue ales 272 840) ..... | 24 659 000) 299 276 ..... | 28 288 000 
Nee edie 1 525 743 155 611 000/1 683 156 173 258 000 
Segre kputets 179 754) ..... | 16 515 000} 198 500) ..... | 19 215 000 


FORK. es: 1 705 497} 100.9 |172 126 000}1 881 656) 102.3 {192 473 000 
| : 
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1930 1935 
Metropolitan District | 

as supplied ...... 11 463 870| 111.8 |163 661 000|1 592 460| 117.8 |187 592 000 
ReMANO 2655550015 + | 54 500) ..... 4 883 000] 58 900) ..... 5 537 000 
Torah: :..3.6.: -|1 518 370} 111.0 |168 544 000/1 651 360] 116.9 |193 129 000 

Near-by cities and : 
tombe ccd so sore 397 SIM... 32 249 000} 355 358] ..... 36 260 000 
Toews |... 22. 1 845 882} 108.8 |200 793 000/2 006 718] 114.3 |229 389 000 
Worcester ......... 217 500] ..... 22 098 000} 237 000) ..... 25 169 000 
Worse... 2 AS 12 063 382 108.0 |222 891 000/2 243 718] 113.5 |254 558 000 








The quantity of water which may be required from the sources of water 
supply of the Metropolitan District by the population which is likely to 
take water from the district within the next 15 years, as compared with 
the capacity of available sources, is shown in the following table: 


Million Gallons per Day. 
1925 1930 




















1920 1935 
Safe yield of sources of Metropolitan Water - 
District plus Newton ............... 158.0 158.0 158.0 157.0 
Safe yield of sources of nearby cities and 
towns,— which can probably be re- 
SN eho SRE ay RR ST ai 22.8 22.8 22.8 22.8 
Torau Sawa: Yiu ..........66-55 6: 180.8 180.8 180.8 179.8 
Requirements of Metropolitan Water Dis- 
Aneta Newton so. ona se te 131.0 145.0 168.5 193.1 
Requirements of nearby cities and towns.. 24.6 28.3 32.3 36.3 
ToTaL REQUIREMENTS ........... 155.6 173.3 200.8 229.4 
Excess of safe yield over requirements of 
Mesinart lens 5 os 8s 27.0 ROG os Fe 
RINNE cera i cae mane 35 Rm iaawRy a bie ht 10.5 36.1 
Excess of safe yield over requirements with : 
adjacent municipalities added........ 25.2 Ce ee ge hears ane 
TU a Ie ne ee ee ee 20.0 49.6 
Safe yield of present sources which can be 
retained in use, with Worcester added.. 200.1 200.1 200.1 199.1 
Total requirements, with Worcester added.. 172.1 192.5 222.9 254.6 
Excess of safe yield over requirements. ... . 28.0 Fo Bo oe G5 anes 
RE ee ce POE ES ECR E SELAL I ROTI een hte SE Bet er 22.8 55.5 


It will be seen from the foregoing table that the consumption of water 
in the Metropolitan Water District at the probable rate of increase indicated 
by past experience is likely to exceed the safe capacity of the present sources 
in the year 1930 by about 10 million gallons per day. If other cities and 
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towns within the 10-mile radius from the State House should join the dis- 
trict and take only their surplus requirements therefrom beyond the 
capacity of their present sources, the deficiency in the supply of the Metro- 
politan District in that year may reach 20 000 000 gal. per day without 
allowance for the city of Worcester. The requirements of the district alone 
as at present constituted are likely to reach to from 30 000 000 to 35 000 000 
gal. per day in excess of the yield of present sources by 1935 and to over 
80 000 000 gal. per day 10 years later. Of course if the city of Worcester 
and other municipalities should be added to the district or should take water 
from the District sources, as inevitably will be the case, these amounts 
would be materially exceeded. 


PRESENT SITUATION OF THE METROPOLITAN WATER DISTRICT AND 
OTHER MUNICIPALITIES IN ITS NEIGHBORHOOD IN EASTERN 
MASSACHUSETTS WITH REGARD TO WATER SUPPLY. 


The seriousness of the situation with regard to water supply in eastern 
Massachusetts, that is in the Metropolitan Water District and the adjacent. 
territory including the city of Worcester, is well illustrated by considering 
what is likely to happen in this territory should a dry period occur within 
the next 10 to 15 years, assuming that all available sources, both of the 
district and the other cities and towns, should be used to their fullest prac- 
ticable capacity, and assuming also that a new supply of 33 000 000 gal. per 
day will be introduced from the Ware River to be referred to later as 
speedily as practicable. The safe yield of present sources of supply for the 
Metropolitan District alone is sufficient until the year 1928 if no other 
municipalities are added. If a severe drought should occur at about that 
time the district supplies might be exhausted as early as 1926. If a supply 
of 33 000 000 gal. per day should be introduced from the Ware River it 
would be sufficient for the district alone until the year 1935, but if the city 
of Worcester and half of the cities and towns in the neighborhood of the 
district which seem likely to need water with the next dry period should be 
added to the district the supply would be sufficient only until about 1932. 
Even if it were assumed that there will be no increase whatever hereafter in 
the consumption of water per capita in the Metropolitan Water District, 
the consumption of water in that district including the nearby cities and 
towns likely to require water therefrom and the city of Worcester would 
reach the safe capacity of all available sources, even with an additional 
supply of 33 000 000 gal. from the Ware River, by 1936. In other words; if 
a supply of 33 000 000 gal. per day should be introduced as soon as possible 
from the Ware River, a still further supply would be needed by 1931, and 
even if the consumption of water per capita in the present Metropolitan 
District can be kept from increasing beyond the figure of 1920, a further 
additional supply would be needed by 1936, even though all of the present 
available sources, so far as possible, should be retained in use. 
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CIRCUMSTANCES WHICH AFFECT THE SELECTION OF WATER SUPPLY 
FOR THE METROPOLITAN DISTRICT. 


There have been marked changes in the conditions affecting the use of 
inland waters in Massachusetts since the earlier water supply projects 
were considered. Massachusetts is an industrial State and its rivers are 
most important sources of power, the value of which has increased with the 
great increase that has taken place in the demand for power and the cost 
of fuel. But not only is the water of the rivers of great value for power but 
also for manufacturing and mechanical uses; and large quantities of water 
are used for these purposes in some of the more important industries of 
the State. Furthermore, with the growth in population and the increase in 
industry, especially within the past 30 years, there has been a great increase 
in the quantity of sewage and industrial wastes requiring disposal in the 
river valleys of the State. 

River sanitation had hardly been thought of in this country 50 years 
ago, and the first general laws of importance relating to that subject were 
not enacted until 1886 and 1888. Knowledge of its requirements was still 
in its infancy when the investigations for the present Metropolitan water 
system were begun nearly 30 years ago and even at the present day the 
progress attained still leaves much room for improvement. 

While works for treating sewage and manufacturing wastes are com- 
mon as compared with the conditions 30 years ago, these wastes still find 
their way into the streams in some cases with more or less effective purifica- 
tion but commonly with none at all. Under these conditions, the question 
of the diversion of water from a given watershed may affect in a much 
greater degree than was the case 30 years or more ago the conditions in the 
valley of a river below a proposed point of diversion. These considerations 
have a most important effect upon the availability of many of the rivers 
of the State for use as sources of water supply. 

The diversion of the flow of water from any considerable portion of 
the watershed of many of the streams, besides the effect it may have on the 
use of the streams for other purposes, especially in the drier part of the year, 
means a reduction in the water available for the dilution of effluents dis- 
charged lower down and an increase in the difficulty and expense of main- 
taining proper sanitary conditions in such streams. In some of the river 
valleys great changes have taken place in respect to the use, and it must 
be admitted the abuse, of the streams in the past 30 years which require 
careful consideration in connection with any plan for diverting water from 
such streams for water supply uses, since such diversions may involve large 
claims for damages wholly aside from the use of the streams for power or 
other industrial purposes. These considerations affect materially the ad- 
vantages of the use of some of the proposed sources of water supply con- 
sidered available at an earlier day. 
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Sources oF WATER Suppty CONSIDERED. 


The Charles River is one of the streams which have been mentioned as 
possible additional sources of water supply for the Metropolitan Water 
District. It is an excellent example of the changes that have taken place 
since its use was first seriously proposed as a source of water supply for the 
city of Boston in 1874. The river above the Boston Manufacturing Com- 
pany’s dam at Waltham drains an area of about 248 sq. mi., but as one- 
third of the flow is diverted into Mother Brook at Dedham, the effective 
watershed at Waltham is only 182 sq. mi. At the present time 17 cities 
and towns obtain their water supply from this watershed, the population of 
these municipalities and the quantity of water used in each in 1895 and in 
1920, so far as information is available, being shown in the following table: 











Supply Consumption 
Intro- Population in Gallons 
duced Municipality. Supplied. per Day. 
in. 1895 1920 1895 1920 
1873 Waltham .......... 20 876 30 915 1 222 000 1 960 000 
1856 Cambridge......... 81 643 109 694 6 074 000 =11 435 000 | 
1874 Lacoste ik i ill 1 042 144 500* 221 000 
1896 Ween cb 8s siting es it SPM ss i Sr akt 159 000 
1884 Wellesley ......... 4 229 6 224 175 000 536 000 
1876 PROWOONN So 555 <b 27 590 46 054 1 801 000 3 687 000 
1890 THOOUMOEE cop = 3 511 7 012 139 000 450 000 
1875 Brookline ......... 16 164 37 748 1 318 000 3 451 000 
1881 Dedham $2.55 2: 7 211 10 792 419 000 799 000 
1891 Holliston .......... 2 718 2 707 79 000 119 000 
1891 WEN ogi cities 1 006 1 485 33 200* 61 000 
1889 Medfield .......... 1 872 1 900** 56 000* 76 000* 
1911 Medway........... 2 913 2 956 90 300* 122 000 
1881 Milford & Hopedale. 10 336 16 248 527 000 987 000 
1884 Franklin........... 5 136 6 497 201 000 513 000 
1908 Wrentham 364.0550 F055.. BBO RSs 89 000 
186 316 286 364 12 279 000 24 665 000 
* Estimated. ** Omitting asylum population. 


Besides the amount diverted by the water supplies, large quantities 
of water are diverted from the lower part of the watershed by the system of 
sewers in Waltham, Newton, West Roxbury, Dedham and Wellesley. 
The only site where it would be possible to construct a large storage reser- 
voir within the Charles River watershed is in the area which includes the 
Medfield Meadows, so called, extending from South Natick to the neighbor- 
hood of Medway. The area of the watershed tributary to a reservoir in 
this location would be about 156.3 sq. mi. 

The reservoir would hold about 9 000 000 000 gal. with an average 
depth of 9 ft., or 18 000 000 000 gal., with a 12-foot depth, and might 
furnish a safe yield of from 63 000 000 to 93 000 000 gal. per day according 
to the height of the dam. 
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Obviously the diversion of all of the water from the drainage area above 
this proposed dam would greatly damage the water supplies along the river 
below and the requirement that one-third of the flow of the river must be 
allowed to flow through Mother Brook introduces another complication. 
The necessity of maintaining proper sanitary conditions in the river below, 
and especially in the Charles River basin, is still another requirement, be- 
sides the need of allowing enough water to run for the use of the factories 
and mills along the stream. Certainly any taking of water from the upper 
part of this valley now would have to be a limited one and, taken in con- 
nection with the cost of the proposed reservoir, together with the cost of 
properly purifying the water and conveying it to the district, would un- 
questionably be excessive in view of the quantity of water likely to be 
obtained. 

Among other near-by rivers which may be considered as possible 
sources of additional water supply are the Shawsheen, the Ipswich and the 
Merrimack. - The Shawsheen was considered many years ago and rejected 
as impracticable. The Ipswich River has already been divided up between 
the cities of Lynn, Peabody, Salem and Beverly and the towns of Danvers, 
Saugus, Reading and Middleton, and the question has been raised as to 
whether it may not be a proper source for some of the municipalities in the 
Merrimack valley. With the highest practicable development a very large 
part of the supply from this source would be required for the cities and 
towns in the densely populated county of Essex, and little would remain for 
the use of the Metropolitan Water District. The use of the Merrimack 
River as a source of water supply for the Metropolitan District was care- 
fully investigated by the State Board of Health in 1895 and rejected for 
reasons which proved satisfactory to the Legislature of that day. Far 
more serious objections would arise to any proposition to use that river as 
a source of water supply for the Metropolitan Water District at the present 
time, even assuming that the inhabitants of the district would be willing to 
use so polluted a water for drinking even with the best system of purification 
that it would be practicable to devise. The use of the water of this river for 
water supply purposes would require a thorough system of filtration and 
would make necessary the pumping of all of the water drawn therefrom for 
the supply of the district. Furthermore, the use of that source would 
eventually not only reduce materially the amount of water available for 
power and industrial uses at Lowell and Lawrence, which would have to be 
replaced by power from other sources, but would also involve the in- 
stallation of power plants for pumping the water required by the district 
and the use of an ever increasing quantity of fuel for the purpose or the 
purchase of power which would otherwise be available for other uses. 
The taking of this water would also involve serious interference with the 
flow of water available for maintaining proper sanitary conditions in this 
river which has already been the source of complaint below the proposed 
point of diversion. The use of this river was rejected for excellent reasons 
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many years ago and its use would obviously be more objectionable today. 
The waters of many rivers in the eastern part of the state like the Aberjona 
River and its impounding reservoir, the Upper Mystic Lake, are unfit for 
domestic use. In this class are the Neponset and Blackstone rivers and 
the Nashua River and its North Branch, while the Squannacook — which 
is the only large branch of the Nashua suitable for water supply — would 
not furnish sufficient water to pay for its development for the Metropolitan 
Water District. 

There are no practicable sites for storage reservoirs on the Concord 
and Sudbury rivers, and of the large natural lakes and ponds which might 
otherwise be available, Lake Winnepesaukee is in New Hampshire and 
Assawompsett and its tributary ponds are used, and will be needed, by the 
municipalities of Bristol County. 


THE ASSABET RIVER. 


In the report of the State Board of Health in 1895 containing the plan _ 
for the present Metropolitan water supply, certain tributaries of the Assabet 
River are mentioned for use in the first probable extension to the Metro- 
politan water supply system when an additional supply should become 
necessary. The investigations at that time indicated that the waters of 
several small streams in the upper part of the Assabet River watershed, 
through which the Wachusett Aqueduct passes in its course to the Sudbury 
Reservoir, could be utilized for supplementing the Metropolitan water sup- 
ply by diverting them into the aqueduct through some six separate connec- 
tions. The watershed of one of these streams, however, is used as a source 
of water supply for the town of Northborough and that of another which 
drains an area along the Boston and Albany Railroad above Westborough 
has become much more populous than was the case years ago. Further- 
more, the sewage disposal works of the town of Westborough are located in 
this valley just below the proposed point of diversion, and if the flow of this 
watershed were to be diverted as proposed little water would be left in the 
river during the drier part of the year to dilute the effluent from those 
works. There has been much litigation over the condition of this river 
below the sewage disposal works in past years and under the circumstances 
the diversion of water from this tributary at the present time is inadvisable. 
Omitting these areas, including one other small area which would natur- 
ally be grouped with them, the total remaining watershed is 21.9 sq. mi., 
and if all of the water possible should be diverted from this area for the 
use of the Metropolitan Water District, the additional safe yield thereby 
obtained would not exceed about 17 000 000 gal. per day. 

The Assabet River watershed below the areas drained by these streams 
contains several large towns in which are located important factories and 
mills, some of which use large quantities of water in their processes; while 
one, the woolen mills at Maynard, uses at times nearly the whole dry- 
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weather flow of the river for such purposes. Furthermore, in addition to 
the effluent of the sewage disposal works of the town of Westborough, that 
of the town of Hudson is also discharged into the river; and similar disposal 
is made of the effluent from small sewage disposal works in the town of 
Maynard, which flows into one of the tributaries of the river. There are 
also works for treating manufacturing wastes at some of the mills, the 
effluent of which is discharged into the stream. This river has been the 
source of much complaint in past years on account of pollution by sewage 
and manufacturing waste and considerable litigation has resulted therefrom. 
Its condition finally became so objectionable that the Legislature passed a 
stringent law designed to prevent its further pollution. The conditions now 
existing in this valley are such that if the whole flow of water from the por- 
tion of its watershed in question were diverted from the river the condition 
of the stream would no doubt become more objectionable. Under the cir- 
cumstances the damages which would be likely to result from the taking 
of the entire flow of these streams, in addition to the damage to water power 
alone, would be likely to be large, and it is not at all probable that so com- 
plete a taking of water would or should be authorized by the Legislature at 
the present time. The amount of water which could be obtained from this 
source would consequently depend upon the limit of taking which might 
be imposed by the Legislature. Limited takings are common enough in 
the legislation of Massachusetts and the advisability as a general policy of 
limiting the quantity of water that may be diverted from most of the water- 
sheds of the State, sufficiently to prevent any serious diminution of their 
flow in the drier part of the year, will hardly be questioned by anyone 
having a thorough knowledge of the conditions which exist in most of the 
river valleys. If the district should be authorized to take all of the flow of 
these streams in excess of 0.35 of a c.f.p.s. per square mile of watershed, or 
about 225000 gal. per square mile per day, which is the approximate 
limit of taking in the case of the Ipswich River, but without other 
limit as to the quantity or time of diversion, the safe yield obtainable 
from the use of these streams in the Assabet River watershed would be 
about 11 000 000 gal. per day. This amount would be sufficient for the 
needs of the district for no more than about three years after the capacity of 
the present sources had been reached and the amount obtainable would 
hardly pay for the trouble and expense of the taking. Furthermore, the 
taking might be even further restricted and in that case the amount of 
water available would be less. With conditions as they are it has seemed 
inadvisable to recommend the taking of any water from the Assabet 
River, though it may become necessary to use water from some portions of 
this watershed in case an emergency should arise since water can be diverted 
from these streams more readily probably than from any other available 
source. 
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THE WARE AND Swirt RIvERs. 


In the report of the State Board of Health upon a Metropolitan water 
supply in 1895 it was recommended that a second source of considerable 
size could be tapped when the Wachusett Reservoir supply on the Nashua 
River could be augmented by building a tunnel to Coldbrook on the Ware 
River and diverting the water from a drainage area of about 100 sq. mi. 
It was further suggested in that report that later on a reservoir could be 
built in the Swift River valley, and the water also delivered to Wachusett 
Reservoir by gravity through an extension of the tunnel from Coldbrook 
to the Swift River. Reference was also made to the possibility of using 
later as supplementary supplies water from the Deerfield and Westfield 
rivers in the extreme western part of the state. 

When the recent investigation was undertaken great changes had taken 
place in the conditions affecting the use of these rivers as sources of water 
supply for the Metropolitan Water District. The population in the rural 
areas throughout the State has declined steadily for many years while, on 


the other hand, the industries along many of the river valleys have grown ~ 


and the population has grown with them, and the prosperity of these valleys 
has become almost wholly dependent upon the prosperity of the industries 
along the rivers. In the Ware River watershed little change of importance 
has taken place in the neighborhood of Coldbrook or above it, in the region 
from which it was proposed in 1895 to take an additional water supply for 
the Metropolitan Water District; but in the valley of the Ware River 
below Coldbrook, and in that of the Chicopee River of which the Ware 
is one of the principal tributaries, the industries have become much more im- 
portant than in 1895. And the water is used not only for power but for 
various manufacturing processes in the mills and factories along the stream. 
Furthermore the dry weather flow of the rivers is depended upon for the 
effective dilution of the sewage and manufacturing wastes which after more 
or less purification in some cases, and in others none at all, are discharged 
directly into the stream. The total drainage area of the Ware River at its 
mouth is about 221 sq. mi., and if all of the water were diverted from 100 sq. 
mi. above Coldbrook, the flow of the river would be diminished nearly one- 
half in the neighborhood of its mouth and in an increasing proportion from 
point to point farther up stream, until in the vicinity of the proposed dam 
there would be little or no flow after the full supply of this source came to 
be required by the district, except such amounts as might be wasted at 
times of high freshets, usually in the early spring. There is no question 
that, in order to avoid excessive costs and damages, and especially to avoid 
permanent injury to the prosperity of this valley, it will be necessary to 
limit the amount of water to be diverted from it, especially in the drier part 
of the year. Since it was deemed inadvisable to divert any part of the 
Assabet River watershed for the permanent use of the Metropolitan Water 
District, and since only a limited taking of water from the Ware River is 














240 PROPOSED EXTENSION OF METROPOLITAN WATER DISTRICT. 


likely to be authorized, the question of obtaining a material addition to the 
water supply of the Metropolitan Water District required the consideration 
of other additional sources. 

The source suggested by the State Board of Health in 1895 for the next 
extension beyond the Ware River was the Swift River, upon which the 
preliminary studies indicated that a very large storage reservoir could be 
constructed by means of adam above West Ware about 8 miles from the 
mouth of the river at such a height as to make practicable the delivery of 
nearly all its storage into Wachusett Reservoir by gravity. While the 
effect of the diversion of the whole flow of the Swift River might be com- 
paratively small, so far as the remaining drainage of that river below the 
proposed dam is concerned, the effect upon the Chicopee valley below, of 
which the Swift River is one of the three principal tributaries, would be 
most important, and in this case again the taking of the whole flow of the 
stream was deemed inadvisable, on account of the large damages that might 
result and the possible injury to the prosperity of this important industrial 
district. 

While the taking of the whole flow of the Swift River would be objec- 
tionable, the possibilities of the great reservoir which might be constructed 
in the Swift River valley, afforded by the circumstances of its location, pre- 
sented an opportunity rarely offered to reverse the usual practice; and, in- 
stead of taking the entire flow or even the larger part of the flow of any one’ 
or two streams, to take the freshet flows of a large area by combining a 
number of streams together, and thus avoid any interference whatever with 
flows which are materially less than the average and which prevail ordinarily 
for more than half the year; that is, to take from the top of the time flow 
curve instead of the bottom. 


CONSERVATION OF FLOOD WATERS BY DIVERTING:- ONLY THE HIGHER 
FiLows FROM LARGE AREAS. 


The distribution of the rainfall in New England is such that the greater 
part of the water yielded by the rainfall and melting snows passes off in 
the streams in the winter and spring and, while the river valleys are ordi- 
narily inundated for a few weeks in the latter season, the streams usually 
shrink to comparatively small dimensions for many months in the summer 
and fall. The Swift and Ware rivers and the other rivers in that region are 
no exceptions to this rule. Measurements of the Swift River, at a measur- 
ing station maintained by the U.S. Geological Survey in codperation with 
the State of Massachusetts for several years at West Ware, a short dis- 
tance below the proposed main dam in this valley, have shown a maximum 
flow in the period extending from August 1912 to December 1921 as high 
as 8 000 000 gal. per square mile per day and a minimum below 80 000 gal. 
Wider variations would no doubt have been shown if records of a longer 
period were available. There are ordinarily many weeks in the winter and 
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spring, and also periods in the summer and autumn in some years, when the 
flow of water exceeds the capacity of the wheels in most of the power plants 
on the Swift and Ware rivers and on the Chicopee River below them; and 
water runs to waste over all of the dams on these streams. On the other 
hand, in the summer and autumn the flow usually falls below the capacity 
of the wheels, and a part of the power necessary for operating machinery in 
the factories and mills must in many cases be obtained from other sources 
or from auxiliary steam plants maintained for the purpose. 

The diversion of the water of the higher flows into an adequate storage 
reservoir, would diminish the freshets, which interfere at times with the 
operation of power plants and cause injury in other ways. The storage 
afforded by the proposed reservoir in the Swift River valley would be so 
great that with that reservoir in use it would be practicable so to regulate 
the discharge into the Swift River that instead of a variation of flow ranging 
from 80 000 to 8 000 000 gal. per square mile per day, a nearly uniform 
quantity of water could be discharged to the mills below at all times, in 


years of excessive rainfall and in years of drought, with comparatively little _ 


waste in proportion to the whole quantity used. 


If a supply should be obtained for the Metropolitan Water District | 


by taking the entire flow of the Ware and Swift rivers for the use of the 
district, the damage done to the mill powers and other interests in the 
valleys below might not be serious in the beginning but it would have to 
be paid for, though a part of the water would be available for many years 
for the use of its former owners. On the other hand, by taking advantage 
of the storage afforded by the great reservoir in the Swift River valley, and 
retaining therein only the higher flows above the quantities of water which 
are required by the majority of the industrial power plants, the water flow- 
ing in periods of excess could be diverted for water supply uses and the 
remaining water allowed to flow past the dams in varying quantities, as it 
does to-day, or in such quantities and at such times as might be mutually 
agreed to be to the best advantage of those who use the water for power. 
In this way the damages to water powers could be greatly reduced, the 
variations in the flow of the river could be regulated, and injury to the 
prosperity of the valleys prevented. 


UTILizING THE FLow or OTHER RIVERS IN CONNECTION WITH THAT 
OF THE SWIFT AND WARE. 


Following out the idea of combining the flows of several rivers and 
taking only the higher flows, which are now of little or no value and usually 
a detriment to the valleys which the rivers drain, studies have been made 
of the other rivers from which water might be diverted into a proposed 
reservoir in the Swift River Valley. The results of these studies indicate 
that, in addition to the waters of the Ware River and of parts of the water- 
shed of the Lower Ware, so called, between Coldbrook and Gilbertville, 
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water could be diverted into the proposed reservoir from large parts of the 
watersheds of the Millers, the Quaboag, the Deerfield and the Westfield 
rivers. In fact, the total drainage area which could ultimately be made 
tributary to this reservoir amounts to more than 1 200 sq. mi. and is equi- 
valent to about one-sixth the total area of the State. 

With the amount appropriated for the investigation it was possible 
to make an adequate preliminary study of all of the watersheds which 
might be utilized in connection with this plan. The nearest of the rivers 
to the proposed reservoir, aside from the Ware, are the Quaboag and 
the Millers rivers, and of these the Millers would apparently be the more 
favorable for use since it has a larger watershed than the Quaboag and 
requires a shorter conduit for connection with the proposed Swift River 
Reservoir. The Millers River was not carefully considered as a source of 
water supply at the time of the previous investigation because of the fact 
that one or two towns of considerable population are located within its 
watershed and might cause objectionable pollution of the water. - Further 
consideration of the possible use of this watershed shows that the larger of 
the towns is but little greater in size than the largest municipality within 
the present Metropolitan watershed area, and if the largest of the towns in 
the latter watershed, which is situated at the head of the Sudbury Reservoir 
can be so dealt with as to prevent its being a menace to the Metropolitan 
water supply at the present time, it seemed possible that the drainage from 
the towns on the Millers River might also be cared for satisfactorily,— in 
view of the cireumstances,— if it should be desirable to use that stream for 
water supply purposes. Accordingly, studies were made to determine the 
practicability of combining the freshet flows of the Millers River with those 
of the Ware and Swift in the Swift River Reservoir. The results of these 
studies show that by combining the flows of the Ware, Swift and Millers 
rivers, it will be necessary, in order to secure an additional water supply of 
200 000 000 gal. per day for the Metropolitan Water District, to divert only 
those flows which are in excess of 1.2 c.f.p.s. per square mile of watershed 
or the flows in excess of about 775 000 gal. per square mile per day. Such 
an additional supply would meet the requirements of the Metropolitan 
Water District and the municipalities which may be dependent thereon 
for water for a very long time in the future. 

In this study a considerable portion of the flow of the Lower Ware 
River, so called, that is, that portion of the watershed of the Ware River, : 
below Coldbrook, has been included. While there have been no material 
changes in the valley of the Ware River above Coldbrook, a region which is 
very sparsely populated, the conditions in the valley of the river below 
Coldbrook have changed materially and the plan of diverting water directly 
from the Ware River in this part of its watershed would be impracticable 
at the present time on account of the pollution of the river; but it will be 
feasible to divert the freshet flows of the more important streams in this 
watershed having an aggregate area of at least 20 square miles, and probably 
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much more, by diverting these flows directly into the shafts of the proposed 
tunnel from the Swift River to the Wachusett Reservoir at points where the 
tunnel passes beneath these areas, whenever it may be deemed desirable to 
do so. 


Cost oF UTILIZING THE FRESHET FLows AS COMPARED WITH MorE > 
CoMPLETE TAKING OF SMALLER WATERSHEDS. 


Having determined that an adequate water supply for the Metro- 
politan district, and the cities and towns likely to be dependent thereon for 
water for many years in the future, could be obtained by the development of 
such a plan as has been described, the necessary studies were made to 
determine the advantages and comparative cost of developing a water 
supply in this way, as compared with the cost of the more complete takings 
of a smaller area of watershed common in an earlier day. In making these 
estimates, it has been assumed that the limit of the taking of water from 
these streams would be placed higher than in the case of the Ipswich River, 
where the maximum taking was limited to flows in excess of about 230 000 
gal. per square mile of watershed per day. The conditions in the valley of 
the Ware River, and of the Chicopee River below the junction with the 
Ware River, are very different from those along the Ipswich River below the 
lowest point of taking on that stream. The Ipswich River valley below 
these takings is very sparsely populated with no factories or mills or villages 
of any notable size within it until the river reaches Ipswich, where it dis- 
charges into the sea. In populous valleys like those of the Ware and 
Chicopee rivers, a limit should necessarily be placed much higher than 
in the case-of the Ipswich River, if serious injury to the prosperity of these - 
valleys is to be avoided. It has been assumed in these estimates that the 
limit might be about twice as highas in the case of the Ipswich River; that is, 
that the takings in the valleys of the Ware and Swift rivers might be limited 
to flows in excess of about 500 000 gal. per square mile per day, or about 0.8 
of a c.f.p.s. per square mile. With this limitation the estimated cost of a 
water supply to the Metropolitan Water District, from the Ware and 
Swift rivers combined, was found to be practically the same as the estimated 
cost of a water supply from the Ware, Swift and Millers rivers combined 
with a taking in excess of 775 000 gal. per square mile per day. Since 
there would be much less interference with the flow of the streams in the case 
of this latter taking, there is no question as to which method is the better 
for the State to adopt. 

As a result of these investigations the plan recommended for obtaining 
an additional water supply for the Metropolitan Water District is the con- 
struction of the proposed reservoir in the Swift. River valley, the diversion of 
the higher flows of certain portions of the Millers and Ware rivers, into 
the Swift River Reservoir and the construction of a tunnel to convey the 
water to Wachusett Reservoir, and thence to the district. This scheme 
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lends itself remarkably well to the growing needs of the district and of the 
other communities requiring water in the eastern part of the State. With 
the present rate of growth and increase in the use of water, an additional 
water supply will be needed by the district soon after 1928, the exact time 
depending upon the uncertain factor of the rainfall in the period when the 
consumption of water in the district reaches the safe capacity of the works. 
It will be practicable if work is begun without delay to construct the first 
half of the tunnel as far as Coldbrook within the next 6 years, and thus make 
available part of the freshet flows of the Ware River with which the safe 
yield of the Metropolitan sources would be increased by about 33 000 000 
gal. per day, assuming that the taking of water from the watershed of the 
Ware River above Coldbrook would be limited to quantities in excess of 1.2 
c.f.p.s. per square mile of watershed. The plan also makes possible an 
additional water supply for the city of Worcester. It is possible to ob- 
tain water for Worcester from one of the tributaries of the Quinepoxet 
River, though this is likely to be objected to by the Metropolitan Water 
District, while a more favorable plan is that of pumping directly from 
Wachusett Reservoir for the supply of the city of Worcester as was done 
in an emergency some 10 years or more ago. Under the plan now proposed 
the tunnel would pass beneath the upper end of one of the tributaries of the 
new Pine Hill Reservoir, and water can be pumped from the tunnel into 
this tributary for the water supply of the city of Worcester if desired. 

While the safe yield of the Metropolitan sources would be increased 
33 000 000 gal. with the completion of the first section of the tunnel, the 
safe yield of the Ware River watershed above Coldbrook would be increased 
to some 47 000 000 gal. per day with the completion of the Swift River 
Reservoir and a tunnel thereto, under the same taking, since the extension 
of the tunnel would make it practicable to store a part of the water in the 
reservoir on the Swift River which would go to waste while only the lower 
or Ware-Wachusett Section was in use. 

There is no doubt that the diversion of the freshet flows of the Quaboag 
River into the Swift River Reservoir in the beginning would make prac- 
ticable a limit of taking somewhat higher than suggested in the report 
presented. The question whether it would be advantageous to make this 
diversion in the beginning, or to divert the freshet flows from some of the 
smaller tributaries of the Ware River below Coldbrook requires further con- 
sideration and can be postponed to a later time. 


Tue Swirt River RESERVOIR. 


The Swift River is the westernmost of the three streams which unite 
in the neighborhood of the village of Three Rivers in the town of Palmer 
and form the Chicopee River. These three streams with their drainage 
areas are as follows: 
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Wee MNO 85555 28 SN A PREG RE 221 square miles 
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It is practicable to create a reservoir in the valley of the Swift River 
which would have about half the area of Lake Winnepesaukee by con- 
structing a dam across the main river at the boundary line between Enfield 
and Ware and a secondary dam or dike in the Beaver Brook valley about 
3 miles northeast of the main dam. 


THE Marin Dam AND DIKE. 


At the site of the proposed main dam the bed rock is overlaid by a 
deep deposit of gravel and sand, porous and water-bearing, and a form of 
construction carried to bed rock will be necessary as the overlying material 
cannot be made impervious to water. The proximity of great quantities 
of suitable material indicates that an earthen dam with a core wall of 
impervious material will be the most appropriate form of construction under 
the circumstances. An excellent location for a spillway and overflow 
channel is found beyond the rocky hill at the westerly end of the dam where 
the waste water will be returned to the river well below the dam and safe 


from possible injury to the dam or other structures. The conditions for ~ 


constructing a dike at the divide between the Swift and Ware rivers are 
not satisfactory, but a suitable site for the dike is found in the valley 
of Beaver Brook about a mile south of the divide where the conditions are 
similar to those at the site of the main dam, and though its length will be 
less, the form of construction proposed is similar. 

Some of the principal dimensions of the proposed structures are 
shown in the following table. 


Dimensions oF Main Dam. 


Elevation of flow line above present surface of river .....................- 147 ft. 
Elevation of flow line above bottom of rock gorge ......................-. 253 ft. 
AV UAT: 00 OUR AE TN IIE Foe es ini nN bie oss nko usa 6 aah niece winneie wee 2 700 ft. 
Height of top of dam above flow line ..........................002 20000 18 ft. 
‘Wadthi of amy a6 te ceanwar i i ooo See ice ee 36 ft. 


DImMeEnNsIONS OF BEAVER Brook DIKE. 


Height of flow line above present brook ......................cceeeeeees 115 ft. 
Height of flow line above bottom of rock gorge .......................-5. 260 ft. 
mpegs Oe: a oc Ss oe ke ed vee ea ckals pie el 2 150 ft. 
Height of top of dike above flow line... ................ cc cee eeeeeeeee 18 ft. 
WEN OF ORG Wns MUNN aes yo oie lg eek ea ce Like lib cee 36 ft. 


The upstream slopes of both dam and dike would be somewhat less steep than 1 to 3 
and the downstream slopes somewhat less steep than 1 to 2.5. 


CHARACTER OF THE PROPOSED RESERVOIR ARBA. 


The reservoir would contain a number of semi-mountainous islands, 
rocky and for the most part covered with forest at the present time; and 
it would be necessary for the protection of the water to acquire all of the 
islands, together with lands about the margin, in order to keep them 
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free from population and from uses which might be objectionable in the 
neighborhood of a reservoir used as a source of public water supply. 

The dimensions of the reservoir, tributary drainage area and other 
facts concerning it are given in the following table: 


Pivea of watet eusiace 6s a SS 39 sq. mi. 
Area of watershed, Swift River ..................2-..05. 186 sq. mi. 
Area of watershed divertible from Ware River............. ~ 180 sq. mi. 
Area of watershed divertible from Millers River ........... *220 sq. mi. 
OR TRON 6 3 ori. ONG coco ERG. Ae ashe LV ea ieee 410 000 000 000 gals. 
RU gS ah ais w bows wen emery aa res Pe 17 mi. 
oe | SIRES PROPS BSE RAP PELE RE iar Macatee 4 mi. 
Total length of shore line not including islands ............ 86 mi. 
MIRE AMIENS) eo aa ec hw, were Perch mes bees 150 ft. 
MED OM Gree Re SE. SE RS PRY 51 ft. 
Lbietiy of reilroade flooded... : 5. 5566 begs eA ES 15.9 mi. 


SMT OE DARN WRYE NOOKO so ois. 055 hs Sek chasse 106 mi. 


POPULATION ON THE RESERVOIR AREA. 


In the construction of the proposed reservoir it would be necessary to 
remove practically the entire population of three towns and a considerable 
population would be affected in three others, while the habitations of a 
few people in five other towns would also probably have to be acquired. 
The towns affected, together with their population in national census years 
since 1880, are given in the following table: 


























| Estimated Population 
| in 1920. 
Town. | 1880. | 1890. | 1900. 1910. 1920. | within | Within 
| | Proposed |Area of all 
| | Swift R. | Probable 
| | Res. Takings. 
| | | 
Enfield .......... | 1043 | 952 | 1 036 | 874 | 790 | 694 | 790 
WBN oo ash eee | 700 | 790 | 736 | 599 331 378 
New Salem ...... 869 | 856 807 639° | B12 60 83 
Pelham.......... | 614 | 486.| 462 | 467 | 503 20 | 36 
Greenwich ....... 5 688. BRE 4 Od 452 | 399 393 399 
Pregomtt ..-.... 460 | 376 | 380 320 | 236 63 236 
Hardwick** ...... Rey pe ds 52) ORS Oe Oe Poa 30 65 
Saget Ce Re ra Bae Raerenne env REN. fememinee te MEMES Eerie 4 26 
Ts oi EER ib eteniems Paar pnie Gre ene ere 3 17 
Petersham**...... Boe, Pee 7 10 
WN 6s, | | | | 0 8 
TOTALS ...... £266 | 3906/8908. 8488 | 6.000 1 605 | 2 048 
| | 








The foregoing table indicates that the habitations of somewhat more 
than 2 000 persons would have to be removed in the construction of the 
proposed reservoir as against’ 1 711 in the case of the Wachusett Reservoir. 





*This area includes certain small watersheds from which the water supplies of Ashburnham, Gardner, 
Winchendon and Athol are taken. : 
** Population of these towns very slightly affected. 
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The assessed value of real estate in the six towns most seriously 
affected in the years 1901, 1914 and 1920 is shown in the following table: 


Town 1901 1914 1920 
Wate eee ee $414 890 .... $470 680 .... $472 440 
Dake Ae 248 957... 344 441 .... 413 395 
New Sollee: ius oink cords 246 760 .... 328 600 .... 409 910 
Pobbethsc ssi foc hon 164 799. .... 338 903 .... 431 165 
Groene ict icc ee |) PT eae 210 500 ..... 295 345 
PRelG 20h 5500s a 139 012 .... it oe... 176 905 

TORS: FIRES $1 390 333 .... $1 864 446 .... $2 199 160 


An examination of the area to be flowed shows that it contains in all 
1 040 buildings besides 18 abandoned and 66 in ruins or with their founda- 
tions only in evidence. The character of these buildings is shown in the 
following table: 


Mill structures... .............-:- 14 Houses, occupied............... 463 
Store te OE ee ee ee 38 Tn SEEM oe oo ek ‘ 30 
Crnvehae EEA 6 Bares A Whe 2 ee PS. 381 
Schoolheonece #6202 st MAIR hs 13 Bere: waa? 2. i ev eek: 18 
Other public buildings............. 2 Camps and summer cottages .... 61 
Railroad stations, ska 

Freight houses, etc.............. 14 MEM a ere gi eka 28s 1 040 


The total number of occupied dwelling houses as shown by the above 
table is 463, or about 12 per square mile, as compared with 224, or about 
35 per square mile, on the area taken for the Wachusett Reservoir. 

A survey has also been made to determine the character of the areas 
to be flooded and the present uses of the land. These statistics are shown 
in the following table: 


Orehiailss 2055s Sans Bs ote Bd ores ee eo Ma RES tL 51 acres 
Damtene: GURL ACTIN in aie on ho cn tne wt ao aden a Snes mnie 2 118 acres 
Por Oiits BEN WI Soe naa ges rte eon Sa TR UD ok ee a Fat hs Sige as 2 338 acres 
BOVUly Ae VOU BIOWO sn oe cet seu e erent ter er ines sees 7 889 acres 
Tienber tated: 236) Ses PPS TR a ea es ea ewe 6 845 acres 
Water surfaces ................ pa ses ea We a Lhe, ples 1 233 acres 
Cerne teeta 30-6 o)c asa vias ae pia aoe aE Humes Bde 11 acres 
Unclassified lands such as village and cultivated land, highways and 

PRINCI. eS es Foe ee a oy oe ie TOE Seay came ae ae wa 4 385 acres 





Toran ee ee Pa ee Oe 24 870 acres 
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TREATMENT OF THE RESERVOIR AREA. 


The greater part of lands that will be covered by the proposed reser- 
voir are at present sandy plains covered with brush or wood and having a 
very thin surface layer of loam. Swamps containing peat are exceedingly 
rare, the aggregate area of such deposits amounting apparently to less than 
700 acres. A large part of the swamp and meadow land is low ground be- 
tween the main stream and the uplands, kept in a swampy condition in 
many cases by the ground water percolating from the gravelly lands ad- 
jacent. The preparation of this great area for reservoir purposes by the 
removal of all vegetation and of all surface soil besides would be imprac- 
ticable on account of the excessive cost, and is unnecessary in the existing 
circumstances. The land should be cleared of bushes and trees and all 
organic matter destroyed so far as practicable. It is probable, moreover, 
that over large areas even the surface soil can be reduced largely to ashes, 
so that by this process the small amount of organic matter that remains is 
likely to have little permanent effect upon the quality of the water of this 
great basin. In the earlier years, after the area is first flowed, the water 
will doubtless have a noticeable color, and a considerable quantity of or- 
ganic matter will be taken up by contact with the material in the bottom 
of the reservoir, but this condition is unlikely to affect the water materially 
beyond the first few years. It will take several years to fill the reservoir, 
and during much of that time there is no doubt that water of such quality 
can be obtained from it that after subsequent storage in Wachusett Reser- 
voir the quality of the water of the latter source would not be materially 
affected thereby, since the water need be drawn in the earlier years from the 
Swift River Reservoir only at times when the quality is at its best. The 
capacity of the proposed reservoir is such, in proportion to the size of its 
watershed, that the water stored there will eventually become thoroughly 
bleached and probably nearly or quite colorless, and while it may be 
affected at times in the earlier years by growths of organisms and the 
objectionable tastes and odors which result therefrom, the use of the 
reservoir at such times can be avoided. 

With the increasing demand for water of the best quality, it is possible 
that most surface waters, no matter how free from probable danger of 
pollution, will be filtered before delivery to consumers, and this may sooner 
or later be the case with water supplied from the Wachusett system, but 
such a demand seems unlikely to arise for many years. 

If it should ever be found desirable to improve the quality of the water — 
of the proposed Swift River Reservoir by filtration before discharging it 
into the Wachusett Reservoir, rather than to filter all of the water supplied 
from the latter source, it would be practicable to filter it on lands in Oakdale 
adjacent to Wachusett Reservoir. But it is not probable that the water 
of the proposed Swift River Reservoir would differ materially from that 
of the Wachusett Reservoir after the first few years. 

















GOODNOUGH. 249 


TUNNEL FROM THE PRoposeD Swirt River RESERVOIR TO WACHUSETT 
RESERVOIR. 


The divide between the Wachusett Reservoir and the watersheds of 
the Ware and other rivers to the west rises to a height of over 1 000 feet 
above sea level, a height which it maintains generally for many miles from 
the northerly nearly to the southerly boundary of the State. This high 
divide must be pierced by a tunnel in order to bring water from the Ware 
or Swift rivers into the Wachusett Reservoir, and this connecting link 
between the present and the proposed supplies will be a most important 
item of construction. 

The tunnel as designed will leave the Swift River Reservoir about 
half a mile south of East Pond at the foot of a steep rocky hill rising some 
400 feet above the floor of the Swift River valley east of the village of 
Greenwich, and will run northeasterly to the neighborhood of Coldbrook 
in the Ware River valley, whence it will turn to the east and follow an 
easterly course to the Wachusett Reservoir. 


The tunnel from the Swift River valley to the Wachusett Reservoir ~ 


will pass so close to Coldbrook on the Ware River that the slight change in 
alignment made necessary to provide for the diversion of the water of this 
river directly into one of the tunnel shafts would have very little effect 
on the length of the line. Since the control works would be located at the 
Wachusett end of the tunnel, the tunnel itself would become in effect a 
part of the reservoir, and floods from the Ware River would flow back 
through the tunnel and be stored in the Swift River Reservoir whenever 
necessary. 

As previously stated, it would be possible, whenever desirable, to divert 
the flood flows from several small watersheds, having an aggregate area of 
19 square miles or more, tributary to the Ware River below Coldbrook 
into the tunnel at various shaft heads. These connections are not included 
in the preliminary estimates, however, because the expense of their con- 
struction would probably not be justified for many years. 

The total-length of the proposed tunnel to the Swift River Reservoir 
is about 25.1 miles. It would be located in rock, and the surface indica- 
tions are favorable to construction by methods known and tried in many 
similar cases, but as many of the construction shafts must be deep, it is 
desirable, for the sake of economy, that they should be spaced at intervals 
of 3 or 4 miles, and probably at least four years will be required for actual 
construction to get the first water from the Ware River at Coldbrook into 
the Wachusett Reservoir. Delay in beginning the construction of this 
tunnel, which would require more rapid work, would mean a serious 
addition to the cost. 

The cost of such a tunnel and the time required for its construction 
make it advisable to build it large enough to carry as large a quantity of 
water as can probably be utilized from the Swift River Reservoir, developed 
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as ultimately proposed, since the larger tunnel will cost less in proportion 
to its size than a small one. Accordingly, for the purpose of estimating 
the cost, this diameter has been taken at 12 feet 9 inches. With this di- 
ameter, in a series of dry years, which might cause the main reservoir to 
be drawn down 55 feet, or to about elevation 474, there would still remain 
sufficient head on the tunnel to enable it to carry 500 000 000 gal. per day. 
The lowest gate sill in the intake gatehouse has been designed at elevation 
435, which is about the floor of the main portion of the Swift River valley. 
This will allow an initial supply to be obtained the first year that the stor- 
age of water is begun, and would make it practicable to draw nearly the 
maximum storage of the proposed Swift River Reservoir into the Wachusett 
Reservoir. At,jts lower end the invert of the tunnel as proposed would be at 
grade 370, the outlet of the tunnel being at Oakdale at the upper end of 
the Wachusett Reservoir. 


AQUEDUcT FOR MILLERS RIVER DIVERSION. 


Reference has already been made to the proposed diversion of water 
from the Millers River. This would be accomplished by a tunnel and 
aqueduct leading from diversion works just above Athol to Eagleville 
Pond, an existing millpond on the Millers River watershed just north of the 
divide between the Swift and Millers River drainage area, and thence by 
a channel cut through the divide from the southerly end of that pond into 
the Swift River Reservoir. For the purposes of this estimate the tunnel 
and aqueduct to Eagleville Pond is designed at about 11.5 feet in diameter, 
and would be capable of diverting flows in excess of the normal undiverted 
flow of the river up to and including 5 cubic feet per second per square mile. 
The watershed of the Millers River above the proposed point of diversion is, 
as already stated, 201 square miles, but the flow would be reduced slightly 
by the diversion of water for certain water supplies and by the removal 
of the effluent from the sewage disposal works in Gardner and Templeton, 
as well as those which may be built in Winchendon. The amount of 
these diversions from the higher flows of the river is small. 


Estimates OF Cost. 


In making estimates of the cost of the proposed works difficulty was 
encountered on account of the constant changes in prices of labor and 
commodities in recent years. It was decided to base the estimates wholly 
upon pre-war prices, and this plan has been followed throughout. The 
following table shows also an estimate of the probable cost of the works on 
a pre-war basis plus an addition of 30 per cent to allow for conditions which 
may exist if the bulk of these works should be constructed within the next 
ten to fifteen years. In making the estimates experience in similar con- 
struction on the metropolitan water supply in recent years, on similar 
work now under construction for the city of Providence, and especially on 
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the water supply of the city of New York, has been utilized, as well as that 
of other cities. In every construction item an allowance of about 22 per 
cent has been made for unforeseen contingencies, all preliminary surveys 
and designs and the preparation of contracts, as well as administration, 
general supervision and engineering during construction. 


Summary oF Cost Estimates. 


Construction Probable Cost 
Cost and in 1924-35 
Overhead (Pre-War Basis 

(Pre-War Basis). +30 Per Cent.) 


Main dam at West Ware station: 


Main embankment ............... $7 124 000 
Diversion tunnel and control works . 1 201 900 
Spillway and flood channel......... 251 700 


reagan $8 577 600 $11 150 880 





Beaver Brook dike: 








Main embankment ............. 6 529 000 
Weel nee ee 85 000 
a 6 614 000 8 598 200. 
Main storage reservoir in Swift River valley: 
Clearing, grubbing and fencing ................. 
Relocation and reconstruction of highways, 47 
1 Bs ie bie Fats OG aS Gr enn mate RR TRAC as 
Relocation of railroad, 21} miles ............... 5 064 300 6 583 590 
Relocation of cemeteries ...................... 
Relocation of transmission lines ................ 
Sanitation and forestry .:...°. 2...) 22008. 
Eagleville Reservoir diversion: 
Raising Eaglevilledam ........... 44 700 
New channel via Hacker Pond ..... 108 400 
ns 153 100 199 030 
Millers River diversion: 
Diversion dam and intake ......... 159 400 
Aqueduct to Eagleville Reservoir... 1 173 500 
Gardner and Winchendon sewer ... . 729 400 
— 2 062 300 2 680 990 
Aqueduct to Wachusett Reservoir: 
Tunnel and shafts ................ 17 457 100 
Intakes to aqueduct .............. 376 000 
Wachusett terminal .............. 339 400 
rs 18 172 500 23 624 250 
Toray CONSPRUCTION. |. <6 6c ne eee $40 643 800 $52 836 940 


Real estate, rights of way, depreciation, business 
damages, diversion damages and water rights of 
mills and factories below points of diversion. .... . 7 109 600 


SN ES ES SOF geet SRE ae Weg at $59 946 540 
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EsTmmaTED Cost oF PROPOSED EXTENSION TO THE 
Ware RIveEr. 


The first addition to the metropolitan water supply under the plan 
herein proposed, which will give an additional safe yield of about 33 000- 
000 gallons a day, is the taking of the flow of the Ware River at Coldbrook 
in excess of 1.2 cubic feet per second per square mile of watershed. This 
involves the construction of the proposed tunnel from a shaft at the Quine- 
poxet River, a tributary of the Wachusett Reservoir, as far as a shaft at 
the Ware River in Coldbrook, including the necessary terminal works and 
diversion spillway at the Quinepoxet shaft near the Wachusett end. 

The estimated cost of this portion of the works is as follows. This 
estimate does not include the simultaneous cost of any preliminary work 
on the further extension to the Swift River Reservoir, although this exten- 
sion would need to be begun before the tunnel to the Ware is completed. 


Summary oF Cost EstimmatTEs. 


First Extension to the Ware River at Coldbrook. 
Construction Probable Cost 





Cost and in 1924-27 
Overhead (Pre-War Basis 
(Pre-War Basis). + 30 Per Cent) 
emeiea wad ahaha oe ee $8 368 600 - $10 879 180 
Setar Ri ert 56s os be SS ey 297 000 386 100 
eats SCOMEOICTION | oo ea mors ono cohen es 8 665 600 11 265 280 

Real estate, rights of way. diversion damages and water 

rights, mills and factories below the point of diversion. 778 100 
$12 043 380 


SUMMARY AND CONCLUSIONS. 


If the Metropolitan Water District continues to grow it will need an 
additional water supply. If it grows at a somewhat less rate than before 
the war and the consumption of water per capita does not increase, the safe 
yield of the present supplies will probably be adequate until about 1930, 
but if the consumption per capita continues to increase, as has been the 
case in the district in recent years and in practically every city in the north- 
ern part of the United States, notwithstanding the general metering of the 
services, the consumption of water will equal the safe yield of the sources 
of supply by 1928. The city of Worcester, if its past rate of growth con- 
tinues, will also need a new water supply in 1928; and the most favorable 
source from which that city can obtain a supply under present conditions 
is the Wachusett Reservoir or its watershed. There are other cities and 
towns adjacent to the Metropolitan Water District which are now using 
nearly or quite all of the water which their sources are capable of yielding 
in years of low rainfall and which will inevitably require a water supply. 
from the district with the coming of the next dry period. Such periods 
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have occurred at irregular intervals averaging about five or six times in a 
century, the last one in recent years ending in 1911. Ten years more, 
or even a longer time, may yet pass before another dry period begins, 
or it may begin in the present year. Just at the present time with the 
experience of the heavy rainfalls of recent years, especially in the summer 
season, it is exceedingly difficult to convince anyone unfamiliar with water 
supply problems that the time will come when the sources of water supply 
now in use will prove inadequate. Water has wasted in practically every 
recent year in great abundance over the dams of all of the reservoirs in 
such quantities as to make it appear that all that is required in order to 
obtain an increased water supply is to add a few feet to the top of the dam. 

But the increase in the yield of a watershed obtainable by enlarging 
the storage is by no means directly proportional to such enlargement. 
While the yield of a given watershed with a storage of 25 000000 gal. 
per square mile may be nearly doubled when the storage is increased to 
50 000 000 gal. per square mile, on the contrary doubling the storage 
capacity, when the storage is equivalent to 200 000 000 gal. per squaré 
mile, in ordinary cases only increases the safe yield from 12 to 15 per cent. 
On the Metropolitan watersheds the storage is highly developed, especially 
in the case of the Wachusett Reservoir, which comprises 80 per cent of the 
entire storage of the system and upon which the storage developed is over 
600 000 000 gal. per square mile of watershed. 

It is impossible with such a distribution of rainfall as obtains in New 
England so to adjust the draft from a reservoir like the ‘Wachusett as to 
make available all of the water which the watershed yields; for if the draft 
were adjusted to insure the use of all of the flow in periods of maximum 
rainfall, that draft would exhaust the storage in years of drought. The 
draft from any water system must be so arranged that the supply will be 
adequate in periods of drought, and in consequence there will inevitably 
be a waste in periods of high rainfall. Furthermore, reservoirs are not 
built for immediate needs and cannot commonly be built from 
year to year to supply growing wants; but new construction generally 
allows for increasing requirements for a considerable period of years; 
and, in consequence, in the earlier years of the use of a water supply reser- 
voir, large quantities of water may be wasted because the draft has not 
reached the safe capacity of the source of supply. But as the draft 
becomes equal to or exceeds the safe yield of the source, years of low rain- 
fall quickly demonstrate its inadequacy and unless provision is made in 
advance, shortgage inevitably results. 

In the case of the water supply of the Metropolitan Water District, 
the consumption of water already equals the safe yield of the Wachusett 
and northern Sudbury sources, and further increase in the needs of the 
district must be supplied from the old southern Sudbury and Cochituate 
sources which have a combined capacity of perhaps 30 000 000 gal. per day. 
These sources were used regularly in the past and in the last very dry year, 
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1911, when Wachusett Reservoir was drawn to the lowest level thus far 
recorded, 40 per cent. of the supply of the district was obtained from the 
Sudbury and Cochituate works, chiefly the older Sudbury Reservoir and 
later Cochituate. The waters of these latter sources, to-day, are unsafe 
and objectionable for water supply purposes unless properly filtered. 
Filters are not yet available for the treatment of these waters; but unless 
provided and used before Wachusett Reservoir becomes materially de- 
pleted at the beginning of a dry period, the safe yield of the Metropolitan 
sources will be much less in such a period than shown by the figures pre- 
sented. The calculations are based on the records of yield in the dry 
period which practically closed in 1911, — a period which was not as dry as 
others of record. If the water supply of the Metropolitan Water District is 
to be maintained to meet conditions of drought such as have occurred in the 
past, an additional supply should be available by 1928 or 1930, since the 
district is likely then to be using all of the water which the sources will 
safely yield; and if a severe drought should occur at that time, bringing 
demands from other cities and towns, as has been the case in. past dry 
periods, a shortage will inevitably occur. If no unusual difficulties are 
encountered it will take about 6 years to construct the necessary works for 
diverting water from the Ware River to the Wachusett Reservoir, and from 
12 to 15 years after the work is begun to make water from the Swift River 
available to the Metropolitan Water District. 

The plan for securing an additional water supply for the Metropolitan 
Water District has been so designed that it lends itself in a remarkable 
degree to gradual development, step by step, and involves no expenditures 
for temporary or make-shift construction. It thus allows the details of 


‘construction to be modified by circumstances and requirements which may 


appear from time to time. 

Beginning with the diversion of the upper portion of the Ware River 
watershed, the plan provides not only for extension to the Swift River but 
looks ahead ultimately to a much longer future and a very much larger 
supply. Water can be diverted into the great reservoir on the Swift 
River not only from its own watershed and the watersheds of the Ware and 
Millers rivers as proposed, but also from the Quaboag, the Deerfield and 
the Westfield rivers, the waters of which will flow by gravity into the great 
reservoir on the Swift River. The plan proposed will avoid serious injury 
to water powers on the rivers below by taking only the freshets and the 
higher flows in excess of about 775 000 gal. per square mile of watershed, 
per day, which means that water would be diverted in average years only 
about 43 per cent. of the time; while during 57 per cent. of the time the 
water would run in all of the rivers, as it does today: that is, from the late 
spring to early winter there would be no interference with the flow, unless in 
the case of excessive summer rainfalls when the excess would be stored in the 
reservoir. In very dry years the period of diversion of water would neces- 
sarily be shorter, and little water would be diverted from the rivers during 
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eight or nine months of the year. The requirements of the district in such 
periods would be drawn from the great storage in the Swift River Reservoir, 
which would hold an ample supply for the longest drought for a population 
very much greater than any which is likely to require a supply from this 
watershed for many years in the future. Furthermore, when an additional 
supply again is needed the same policy can be followed of taking freshet 
flows from the other rivers; and while 200 000 000 gal. per day would be 
obtained with the development thus far proposed, this quantity can be 
much more than doubled by similar takings from other available sources. 

Incidental to the creation of this additional water supply, the develop- 
ment of water power would be made practicable at several points. At the 
main dam in the Swift River valley there will be a fall of about 141 ft. in 
discharging the water, which must be allowed to flow down the stream 
continuously up to the limit of 1.2 ¢.f.p.s. per square mile of watershed. 
At the Wachusett terminal of the tunnel there will be a head of about 125 
ft. available for power as soon as the Swift River Reservoir is full; and this 
head will continue to be available for many years, diminishing in time with 
the increased draft through the tunnel as the draft approaches its full 
capacity. It will also be possible by intercepting the Quinepoxet River and 
thus diverting the water from one of its main tributaries into the tunnel 
and thence to the Wachusett Reservoir, to utilize the full power of that 
stream at a very small additional cost, thus restoring the power destroyed 
when this river was stripped of its power plants in the lower part of its 
course when the Wachusett Reservoir was built. Additional power will of 
course be created at the Wachusett dam at Clinton and at the Sudbury 
dam, while one or two small power developments would be available at 
other points. The additional power readily obtainable as an incident to 
the construction of these works would add very materially to the developed 
water power of the State. 

The cost of the entire works when completed is not excessive when 
compared with the amount of water that will be secured thereby. The 
greater part of these works will be adequate for a very long period of time 
in the future and this consideration should be taken into account in the 
payment of indebtedness created for the construction of the works. The 
cost of the present Metropolitan water system will in all probability change 
but little in the next 14 years, though there will probably be a gradual in- 
crease in the cost of maintenance, while the total cost per capita will gradu- 
ally decrease. In the year 1935 nearly one third of the bonds issued for the 
construction of the present works will become due and the cost per capita 
charges will then diminish rapidly for the next seven or eight years, when the 
bulk of the entire indebtedness will be paid. Under these conditions, in 
financing the proposed new works the construction of which cannot be com- 
pleted in any case before 1936 even if begun at once, it will be a great ad- 
vantage if the payments on capital charges are made small in the beginning, 








256 PROPOSED EXTENSION OF METROPOLITAN WATER DISTRICT. 


and increased materially when payments on the original net debt begin to 
reduce rapidly the charge on that account in the year 1936. 

The results of a careful study of the financial condition of the district 
as a whole and its various special divisions, indicates that the income of the 
district is likely to grow more rapidly than the expense, even including 
the cost of financing the new system, except possibly in the earlier years 
before the payment of the existing Metropolitan water debt; and even in 
that case, by a reasonable arrangement of payments of the new debt, the 
income of the water works should. be sufficient to meet all requirements. 
Following 1936 the surplus receipts of the water departments will soon 
greatly exceed the requirements for financing the proposed new works. 

In conclusion, it is worth noting that the maintenance cost of water 
per capita to the municipalities in the Metropolitan district, is generally 
less, and in most cases much less, than the cost to those municipalities 
which have remained outside the district and have operated independent 
works up to the present time. This condition was to have been expected 
and, even with the financing of the new works added, water will no doubt 
be cheaper to the inhabitants of the cities and towns of the Metropolitan 
Water District generally, when a long time in the future is considered, than 
to those outside. 


DISCUSSION. 


THE PRESIDENT. Gentlemen, this very interesting sketch of a very 
big piece of work is before you for discussion. I don’t know how many of 
us are able to get an adequate idea so that we can intelligently add much 
this afternoon, but there are some present who have had to do with this 
investigation. Dr. Kelley, the Massachusetts Commissioner of Health, is 
present. Dr. Kelley. 

Dr. Eugene R. Ketitey. The speaker has mentioned one point that 
needs emphasis; that is in reference to the first section under the project. 
The first section, the construction of the tunnel to the Ware River, when 
built will take care of the immediate water problem for the Metropolitan 
District and for the city of Worcester. No one can predict exactly how 
long it will be before the final unit to the Swift River will be required in 
order to insure ample water supply at all times. We have recommended as 
our final conclusion, as a Commission, that the first part is imperative and 
should be done at once, and then we can decide by circumstances which will 
depend on the growth of population, the increase of consumption per 
capita and the meterological conditions. Of course it is only safe to assume 
the output of the absolutely dry years in any water supply prediction. 
We thought that the decision as to the construction of the final unit could 
be safely left to the authorities responsible for the construction, completion 
and putting into effect of the work, simply putting it up to them that the 
water should be there at the time it was needed. 
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I don’t know as Mr. Goodnough brought out the point that our esti- 
mate indicates taking over ten — probably nearly fifteen — years from the 
time of the beginning of work before the water could be available through 
our pipes from the Swift River reservoir. Therefore you see it is necessary 
to allow a considerable time to be devoted to construction work. 

THE PRESIDENT. Are there any men here present who are not mem- 
bers of the New England Water Works Association who are our guests 
to-day and who are interested in this problem? ; 

Dr. Ketter. Mr. President, I would suggest that Mr. J. Waldo 
Smith, Chief Engineer Board of Water Supply of New York, be invited to 
speak. 

THE PresipENtT. I have him in mind, Dr. Kelley, as a reserve, but I 
want to know if there are any men who are interested in this problem, mill 
owners for instance, some one who may be affected by this proposed develop- 
ment? We would like to hear from any of you gentlemen. Mr. Smith, 
will you say a few words? 

Mr. J. Watpo Smita. Mr. Goodnough has stated the facts so clearly 
that there is not much more to be said. It seems to me that the problem, 
reduced to its lowest terms, is: Does the district need more water and 
from what locality can it be best obtained? The other controlling factors 
are the size of the population now supplied, the probable rate of growth 
and the probable rate of per capita consumption. This committee has 
been working on this problem for two and a half years, and unless one is so 
imbued with supreme pessimism that he believes this district is not going to 
grow, or is even going to decrease in population, he must believe it is going 
to increase, and for this reason must have more water, and must have it 
in the immediate future. Then comes the question of where such additional 
supply may be best obtained. Whether it is best to provide a comprehen- 
sive plan, looking a long time to the future and which can be developed by 
successive increments, the first increment amounting to about one sixth of 
the cost of the entire work; or whether it is best to look only to the imme- 
diate future and develop at about the same cost a supply which by no 
means could ever become part of a large comprehensive plan. 

I think this question has been very well answered by eleven out of the 
twelve members of the committee. They have signed a report recom- 
mending a comprehensive plan, and it seems to me that no other plan can 
receive serious consideration. 

The district is very large, and in the past has had a steady growth. 
I believe it is going to continue to grow in the future, although perhaps at 
a lower rate than is estimated for many other places. It is true that the 
water developed at the Wachusett reservoir under the plan of 1895 has 
lasted longer than was then believed probable, as has been very clearly 
shown by Mr. Goodnough’s diagrams. The rate of increase in the popu- 
lation which was then predicted has not been realized. In view of the ex- 
perience of these fifteen or twenty years, I think that the estimated in- 
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creased population as laid down in this report is very conservative. In 
the district with which I am most familiar, I should certainly have allowed 
a higher rate. But as finally recommended in this report, my estimate is 
that the projected increase in consumption will be realized, if not exceeded 
in the future. : 

THE Preswwent. Prof. Whipple, can you speak on the subject this 
afternoon? 

Mr. GeorGeC. WuippLe.* Mr. President and Members of the Asso- 
ciation: As a member of the joint committee that Mr. Goodnough has 
referred to, I have taken great pleasure in studying this great problem. 
No one who has been connected with it can fail to realize its magnitude and 
no one can fail to realize the excellent work which has been done by Mr. 
Goodnough and his corps of assistants, which has included a number of the 
members of this Association, — Mr. Brewer, Mr. Kennison, Mr. Weston, 
Mr. Hammond, and some others that you probably know. I have been 
studying this problem along with Mr. Goodnough and Mr. Smith; and 
being an engineer I have naturally made some estimates of my own in 
connection with some of these matters, as, for example, the probable 
future population of the district and the per capita consumption; and I 
am frank to say that my estimates have not agreed absolutely with those 
of Mr. Goodnough. No two estimates could be expected to agree exactly. 
I think that the growth of population will probably be not quite as great as 
he expects it to be; also that the per capita consumption perhaps will not 
increase quite as much. And yet I was not able to agree with the twelfth 
man on our joint board who made the minority report. His estimates o/ 
future population and water consumption seem to me to be too low. I 
think that this district is bound to grow in very much the same way as it 
has grown in the past, but at a continually lessening rate. 

Now there are two or three complicating factors in this water situa- 
tion which need explanation. If it were a question of the Metropolitan 
District alone the problem would be a good deal easier to solve than it 
really is. Mr. Goodnough has already referrred to the city of Worcester 
and its needs. This city is located near the Wachusett supply of the 
Metropolitan District, — in fact, its watershed is contiguous to that of the 
Wachusett area, — and it is very natural that as Worcester is getting short 
of water she should want some territory for her own supply. It seems to 
me that it would be most unjust to the Metropolitan District to allow 
Worcester to take this large fragment of the Wachusett area which she 
desires. It seems to me that a very much better solution is to provide a 
supply which can be used jointly by the city of Worcester and the Metro- 
politan District, and that is the reason why the Joint Board recommended 
the Ware River as the first extension of the District’s water supply. The 
Ware River will help to take care of the Metropolitan District for a good 
many years, and it will also provide Worcester with what she needs. 





(* Professor of Sanitary Engineering, Harvard University.) 
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Furthermore, in going west of the divide and taking water from the 
Connecticut River watershed, it is proposed to take simply the flood 
flows, not the entire stream flow; and it seems to me that this is the great 
outstanding feature of Mr. Goodnough’s report. While not without 
precedent even in Massachusetts, the magnitude of this project makes it a 
notable recommendation. The plan is to take the flood flows only, leaving 
the summer flows and the low flows of the Ware River just about as they 
are at present, —I may say almost exactly as they are at present. I 
think that is a very important matter which deserves careful thought. 

Then there is another element in the problem which Mr. Goodnough 
did not mention, — for lack of time, of course, because he could not speak 
of all these things in one short paper, — namely, the fact that certain of 
the present supplies of the District are able to furnish about 25 000 000 or 
30 000 000 gal. of water which is not now satisfactory in quality. If I 
am not mistaken, we may place the present supply of good water in the 
Metropolitan District at something like 125 000 000 gal. a day. The total 
supply is more than that, — say 155 000 000 or perhaps 160 000 000 gal. 
per day, provided that the waters of the South Sudbury and Lake Co- 
chituate are filtered. Now if it were not for the need of Worcester, fil- 
tration would perhaps be the logical step to take first, but that would not 
do Worcester any good. But by building the tunnel to the Ware River we 
can get just about the same amount of water that could be obtained from 
the South Sudbury and Cochituate by filtration, we can provide Worcester 
with what she needs, and can provide a large factor of safety for the Metro- 
politan District, which I believe is a good thing. 

There is another factor which has not been touched upon to-day and 
was not mentioned, in a conspicuous way, in the report of the Joint Board, 
and that is the possibility of the development of a large water supply in the 
valley of the Ipswich River. That project has been proposed a number of 
times and there is reason to believe that it is a feasible project. The time 
is coming when the cities in that part of the state, — the Essex County 
cities — will need to have a great water supply of their own, and if they can 
make a joint development, if they can create a district in that part of the 
state and secure a joint supply, it can be made to serve not only as a supply 
for those cities but as a stand-by supply for the Metropolitan District to 
tide over a very dry year. You all know that when we say that the supply 
of the District is 155 000 000 gal. a day, we mean 155 000 000 gal. in a very 
dry year; that in nineteen out of twenty years we can get more than that,— 
just how much more depending largely upon the storage provided. If we 
have at hand a reservoir and a reserve supply which can tide us over this 
dry period, our present supplies will last just so much longer. And I be- 
lieve we should study very seriously this Ipswich River problem in con- 
nection with the problem of the Metropolitan District. In fact, we have 
asked the Legislature for an appropriation to enable the State Department 
of Public Health to make such a study. This study was not made in any 
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detailed way in connection with the investigation which Mr. Goodnough 
has been telling us about. 

My plan, therefore, based on the report of the Joint Board, would be 
first to build the Ware River tunnel; and, second, a little later, i.e. when 
necessary, to filter the South Sudbury and Cochituate supplies; third, to 
construct the Ipswich River development; and, fourth, at some later date 
to extend the Ware River tunnel to the Swift River and complete the 
development which Mr. Goodnough has described. Personally I doubt 
very much if we shall see that Swift River reservoir in operation within 
my own lifetime. It may be that it will be necessary, but that will depend 
upon the growth of the Metropolitan territory and on the feasibility of 
developing the Ipswich River and other eastern sources. Yet, as an 
engineering proposition, I believe in the Swift River project. I think 
it is an excellent one. I think that it will some day be needed and I even 
go so far as to say that it would be the part of wisdom for the State of 
Massachusetts to acquire — by right of eminent domain if necessary — 
the necessary sites for the dams and perhaps to go further than that and 
obtain by purchase from willing sellers such other land as may be necessary. 
I believe it would be good business on the part of the State to get some of 
those pieces of land, even though they may not be necessary to be used 
perhaps for twenty years or more. 

Speaking of the Ipswich River, it may be said that another advantage 
of a great development there would be to help out the cities of the Merri- 
mack valley. The Ipswich River water is now being taken up or asked for 
at the hands of the Legislature by various local communities. The Joint 
Board believes that it would be much better for these cities to pool their 
issues and develop a supply adequate for all. This Ipswich water would 
have to be filtered, of course. 

Those of you who read the report of the Joint Board, which is now in 
press, and which will be issued before many weeks will be especially interested, 
I think, in two or three things which Mr. Goodnough has not mentioned. 
One of them is the general attitude of the state authorities towards the 
filtration of the surface water supplies in the state. We have unreservedly 
approved that policy. We believe that it is only a question of time when 
practically all of our surface waters will have to be filtered. Personally I 
believe that the time is not very far distant when the Metropolitan water 
will be filtered. 

You will also be interested in the policy which has been set forth in 
regard to the use of great ponds. There have been some discussions in 
this Association, as you know, in regard to boating, fishing, and bathing 
in reservoirs. A policy has been defined. The Joint Board says, for 
example, that while from a health standpoint it is quite possible to safe- 
guard the water consumer against infectious disease by filtration and dis- 
infection, every community ought to have the right to say whether it wants 
to drink water which has been subjected to possible pollution and sub- 














DISCUSSION. 261 


sequently purified. In other words, the sentimental objections ought to 
be considered, as well as the hygienic and economic phases of the problem. 

I think you will also be interested in studying very carefully the very 
important point which Mr. Goodnough has brought up in regard to the 
use of flood flows. In some respects it is a different method of taking from 
what has been customary in the past. As you know, the courts in this 
country do not recognize what is called “ compensation in kind.” The 
principle appears to be a good one; it has been adopted already in some 
places by agreement between the mill owners and the water works authori- 
ties. I think that is a matter which this Association ought to discuss very 
carefully, — perhaps at some subsequent meeting. I mean the general 
relation between the use of water for power and the use of water for water 
supply purposes. Let us see if we cannot come to some friendly agree- 
ment between the mills who want water for power and the cities who want 
water for water supply purposes. Both are very desirable things and 
there ought to be some better way of solving those problems than by going 
to court every time we have a difference of opinion. 

T am sure that you will all be interested in the report when you near an 
opportunity to read it, and I know that you will all appreciate Mr. Good- 
nough’s paper, just as I have. (Applause.) 
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ADDITIONAL DISCUSSION OF WATER SUPPLY CONDITIONS 
AT SALEM, OHIO. 


Mr. H. F. Dunuam.* The excellent paper of Mr. Dittoe read at the 
Bridgeport meeting and the interesting discussion following it brought to 
the surface two or three inquiries and comments that may be worthy of 
notice. The work described was carried out in a generation earlier than 
Mr. Dittoe’s and in behalf of fairness and of the Chief Engineer of the 
Salem Water Company, Mr. E. C. Clarke, the writer begs the favor of a 
page in your JOURNAL. 

The Salem Water Company purchased a small local water plant that 
obtained its supply from drilled wells almost in the center of the city. 
With this nucleus a franchise was obtained by Eastern parties who ne- 
glected or overlooked sundry facts relating to the difference between glacial 
drift deposits in Ohio and in New England. Despite protests relating to 
geology, the insistent demands of the city were finally complied with and a 
section in the franchise limited the supply to wells and springs. It was 
necessary to keep up the service from the old wells during the new construc- 
tion. But at the same time, the weakness and danger in that source were 
recognized and a favorable area sought outside the city limits for a more 
abundant supply of softer water, the well water being very hard. 

While the location for the new water works pumping station was not 
all that could be desired, it was fairly satisfactory for the important feature 
of direct fire protection. With an outside supply to keep the stored water . 
level, at the station, above the surface of the ground as intended, there 
could be little danger of pollution. It may be noted that under the condi- 
tions incident to almost complete and continuous exhaustion of water from 
reservoirs and wells at that station, pollution was sought scientifically and 
not detected. 

The works were built at the new location and a well drilled to a depth 
of six or seven hundred feet or down to near the “black shale’’ which is taken 
to be everywhere dry. Little water could be obtained. The old wells 
were connected to the new station by wrought-iron instead of cast-iron pipe 
under the comfortable impression that it would be needed for only a short | 
time and could be more easily removed. 

But when it came to an effort to secure a change in the terms of the 
franchise, complete failure resulted. Then the water company tried to 
secure a change in the Ohio code that would have removed a very serious 
handicap and enabled the company to first obtain a better supply and then 





* Civil Engineer, New York. 
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treat with the city for a change in the franchise. At that time no water 
company in Ohio could exercise the right of eminent domain,— a right 
that might be about as necessary to a water company as is a charter to a 
railway company. Only two or three years previous to that time the legis- 
lature had passed such an enabling act but in its passage an amendment was 
introduced making an exception of cities having more than a certain number 
of inhabitants. This addition to the original bill annulled the whole act 
by making it “Special Legislation.””’ Apparently it was a simple affair to 
petition again. One of Ohio’s very able attorneys, the late Honorable 
William A. Lynch,* a leader in the political party then in control of the 
legislature, prepared and introduced the bill. At the writer’s suggestion a 
clause made it impossible for any water company in that State to ever exer- 
cise the right of eminent domain unless all of its purposes and plans had 
been presented in careful detail to the Ohio State Board of Health and fully 
approved by that Board.f The Bill was endorsed by the Council of one 
Ohio city then supplied with water bya private water company. That city, 
however, was Massillon not Salem. The Legislature turned down the bill 
in record time! ss 

There is an excuse for thus mentioning items from the past for they 
show the absence of that full coéperation between State and City authorities 
and private water companies which would have been so helpful in Ohio 
during that period. Experiences at Newark, Ohio, are readily recalled. 

The writer is not familiar with the conditions under which the city 
of Salem acquired its water works property, but the authorities have been 
consistent in this, namely, they have continued to secure and accept a very 
scanty supply of hard water during a period of nearly forty: years. 





* Mr. Lynch was chairman of the Ohio delegations when Cleveland was nominated for presidency. 
t The Bill had the approval and as far as possible the support of the Board. (H. F. D.) 
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ELECTRIFICATION OF GATE VALVES. 


IMPORTANCE OF QUICK AND POSITIVE CONTROL IN PREVENTING PROPERTY 
LOSS BY FLOODING. How THE VALVE OPERATING SYSTEM WORKS. 


BY PAYNE DEAN.* 


[December 14, 1921.] 


Electricity as applied to the operation and the control of large water 
works gate valves represents an engineering development of relatively 
recent origin. The remarkable success that has followed the installation 
of modern electrical equipment in various systems during the past few 
years has fully demonstrated the importance of valve control, not only as 
a labor saving means, but as a safe-guard against the hitherto enormous 
damage to property due to flooding from broken mains. 

Within but a few years the electrical valve control system described 
herein has almost entirely superseded all other methods of power valve 
operation, including the hydraulic-cylinder type which had been in use 
to some extent in the past where conditions were favorable, and where 
remote control was not essential. 


OPERATING LARGE GATE VALVES. 


Large gate valves as a rule do not receive a great deal of attention 
once they have been installed, but after they have been in service for some 
years they become exceedingly difficult to operate. It is not unusual for 
the closing of a large valve to require the combined efforts of six or eight 
men. In view of the physical effort required it is easily understood why 
the valve is avoided, and in fact totally neglected in many instances. 
Under these circumstances, the condition of the valve gradually becomes 
worse, until when it is suddenly called upon in an emergency it is not fit 
for operation and hence impossible to close. 

The water works superintendent is obviously aware of the condition 
of the valves and the more important valves in the system are almost 
always a source of considerable worry to him. The amount of time and 
labor required to manually test the valves is so great, however, that in 
many cases it is a practical impossibility for him to maintain the valves 
in thorough working condition without neglecting other important work. 

Shut-offs take considerable time, and in the event of a break con- 
siderable damage may be done by an uninterrupted flow. To be able to 
close a pair of 36-in. or 48-in. gate valves in from 10 to 12 minutes would at 
least save a bad washout and considerable property damage. This can 





* New York City. Member A.S.M.E. and A.LE.E. 
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be accomplished from a convenient point and requires the attention of but 
one man who has merely to turn a small handwheel. 

It is also possible to operate standpipe valves from a remote point. 
This is important in systems where it is required to pump high pressure 
directly into the mains. Pump discharge valves are electrically operated 
in many installations, allowing different pumps to be put into service 
without loss of time. When an electrically operated pump of the centri- 





Dean CONTROL. Fioor STAND. 


fugal type is shut down, the failure of the check valve to close would pro- 
bably cause considerable damage. By applying electrical operation to the 
discharge valve adjacent the check, both the pump and the motor are 
afforded additional protection as well as greater flexibility of operation 
and controi. 

Undoubtedly one of the most important fields for electrical valve 
operation is in the protection against the serious consequences which might 
otherwise follow the breaking of large mains. A shut-off may be effectively 
made where the more important valves are under electrical control, and a 
portable automotive type of valve closing apparatus is maintained for use: 
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in outlying districts. The portable valve closing apparatus is also useful 
for operating the numerous small valves of lesser importance and which 
may be situated at widely separated points. 


VaLvE CONTROL IN CONGESTED DIsTRICTs. 


There are certain extremely congested business centers. in our large 
cities that would be subject to enormous loss and serious inconvenience 
if undermined and flooded. Public buildings, such as art museums and 





{ Two 48-In. ELECTRICALLY OPERATED VALVES IN VAULT. 


libraries housing valuable works of art, would be in serious danger if large 
volumes of water penetrated through their foundations. Underground 
railways are especially susceptible to water damage, and while the third 
rail and other electrical equipment is submerged the system is inoperative. 

There are innumerable reasons why consideration should be given to 
the subject of protection against damage from broken water mains, and it 
is interesting to know that municipal authorities are beginning to more 
fully appreciate the savings which may be effected by the installation of 
suitable valve operating equipment. 
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ELECTRICAL Systems Most EFFIcIEentT. 


Until numerous installations had been made and actually operated 
over a period of time,there was considerable doubt in the minds of superin- 
tendents and others as to the reliability of electrically controlled valves. 
It is now, however, an established fact that a few well placed electrically 
operated and controlled valves will afford ample protection for any con- 
gested district. Further, it has been shown that electricity affords the 
only system adopted to meet all of the varying conditions under which 
valves must operate. Electricity is the most reliable source of power 
known and is now almost universally available. 





MECHANICAL Pos!TIon INDICATOR. 


The design and construction of the electric motor has been carried to 
a high degree of perfection and dependability. It is available for almost 
any use and can be made water-tight and able to withstand operation 
in the open exposed to snow and ice, and even while under water. Ob- 
viously the control apparatus can be ruggedly constructed and inclosed 
in a moisture and fool-proof casing so that a complete system may be 
built up, all of the operating parts of which are fully protected against 
outside influences. 

By the employment of lead and steel covered cable, the conductors 
may be laid in an open trench. 
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VALVE OPERATING APPARATUS. 


The large valves in street vaults present a number of difficulties for 
the following reasons. Frequently the valve is very old, corroded and 
difficult to operate. It is required to be closed against velocity due to 
break in the line. The control apparatus must be of such a size and nature 
as to pass through the ordinary man hole. Space is limited in the vault, 
making it imperative that the installation be made with as little labor as 
possible. The apparatus must of course be absolutely water and damp 





30-1n. INSIDE Screw VALVE FITTED WITH Dean CoNTROL. 


f 


proof, and should not be affected by water that may collect in the vault. 
Also standing idle for long periods must not affect the operativeness of 
the system. The equipment must be self-contained, self-lubricating and 
unaffected by extremes of temperature. For the protection of the valve 
the mechanism must be provided with means positively operating to stop 
the gate at each extreme of its travel. 


DEAN CONTROL SYSTEM. 


This system has been especially developed for the electrical operation 
of valves and incorporates all of the essentials which long experience has 
shown to be necessary for these valves. It is the only complete system of 
valve control that has been devised,and hundreds of installations in various 
kinds of service are in satisfactory operation throughout the country. 
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There are five important characteristics of the Dean System — 


1 —It is a single standardized unit. 

2—The unit may be attached to existing valves with a minimum of 
effort and without shutting down the line. 

3 —Operation is positive and accurate, and does not depend upon the 
momentum or drift of the moving parts to seat the valve. 

4 — The motor exerts a high initial torque and affords a sufficient 
reserve of power for operating the valve under various conditions of 
velocity and pressure. 

5 —The complete system is totally inclosed and water-proof. 


The Dean Unit embraces the driving motor, reduction gears, and 
limit trip mechanism all inclosed in a standardized moisture-proof casing. 
The units are built in a series of types embracing the complete range of 
valve sizes. Each unit is equipped with feet provided with four bolt 
holes for attachment to the valve. 





ELECTRICALLY OPERATED VALVE MANHOLE Cover CONSTRUCTION. 


INDICATING DEVICES FOR VALVES. 


For showing the position of the valve gate two types of indicators 
are employed. At the valve a mechanical indicator is installed which 
shows upon a dial how many turns have been made in opening the valve 
so that danger of jamming the valve parts is eliminated. 

Where it is desired to operate the valve from a distant point an electri- 
cal indicating system is employed so that an operator at the remote station 
can note the position of the gate from a conveniently placed dial. In 
both of these systems the mechanism is thoroughly protected from moisture 
and dust by a suitable casing. 
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DeEAN UNIT. 


The motor of the Dean Unit is completely inclosed and water-proof 
and develops an extremely high torque. The normal speed is 2 400 
R.P.M., and through a system of worm and planetary gearing the slow 
speed shaft which drives the valve stem rotates at approximately 50 
R.P.M. The motor and worm shaft are ball bearing and the gearing 
runs in oil. 

The system is furnished for 220 volts, 25, 40 or 60 cycles, single phase 
A.C., or 110 or 220 volts D.C. 

The valves may be controlled from one or more local or remote points, 
the control stations being provided with red and green indicating lamps 
showing the position of the valve. The system is applicable to any existing 
valves whether of the O.S. & Y., or LS. types without shutting down the 
line and the valve may be operated manually if the current fails. 


DIscussION. 


Mr. J. E..Garrert.* On the question of a unit which can be operated 
electrically and also by hand, is it necessary to turn the motor of the 
electrical control in operating it by hands? 

Mr. Dean. There is a clutch that you have to pull out by turning 
three times around the screw. That declutches it. Ours has a worm 
drive; and turning the worm, a reversible worm, is quite hard; but even a 
worm will turn. But, preferably, you have to unclutch to do it. That is 
the best way. 

Mr. Garrett. And when you couple it up again, you automatically 
put it back? 

Mr. Dean. You have to put it back manually. If you do not put 
it back when you have finished operating by hand, we have indicating 
lights in the control station and the light shows that it is open. The red 
light comes up and shows you that there is something wrong in the system. 

Mr. Garrett. There is the possibility of getting into trouble if you 
have hand operated and electrically operated combined? 

Mr. Dean. You have to have hand operated and electrically operated 
combined. The thing to do is to get a safety device to show you that you 
are not in mesh, as it were, before you start operating by power. 

Mr. GARRETT. You can’t put it back in mesh wrongly, then? 

Mr. Dean. No. You only have to turn a handle. But that has 
been one source of trouble to every operating force in the water works 
departments, through their overlooking those fine features. 

Mr. E. A. Hancock. How accessible is the control for repairs? 





* Civil Engineer, Hartford, Conn. 
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Mr. Dean. It is as accessible as a piece of machinery of that kind 
can be made. In putting the covers on the vaults, we have them large 
enought to allow handling the machine. The vault is the worst thing in 
the world to make repairs in. Of course the atmosphere in a vault is of 
high humidity and it is difficult to keep it absolutely dry. But we need to 
go to the extent of keeping all the electrical contacts so that they will 
operate when we put the juice through them. Our difficulty is principally 
in constructing a device that is fool-proof, and which can be put into any- 
body’s hands, and I don’t know yet whether or not we have succeeded. 
We are keeping an eye on all we have out. 

Mr. Hancock. Is that furnished for all electrical power? 

Mr. Dean. All circuits up to 220 volts. We have stipulated a 
maximum voltage of 220, because of the inadvisability of putting higher 
voltage on a small motor. Another thing you want to bear in mind in 
operating the valve is this: The high strains put on at the time of winding 
represent the maximum strain that should be put on the windings of the 
machine, because you do not have any resistance to check the current 
down. : ” 

PRESIDENT SHERMAN. Have you had any trouble with the electric 
welding of old yokes? 

Mr. Dean. We take the yoke out when we can. When the superin- 
tendent is not looking we sneak the yoke out. I had a superintendent 
from Cambridge call me up this morning. My man went away and left 
some of the yokes off his valves. The man who did it is in Philadelphia. 
He says he can’t operate the valves. We will take the yoke off and weld 
it and get it back quickly. 

PRESIDENT SHERMAN. You find those welds stand up in good shape? 

Mr. Dean. Splendidly. They are electrically welded. Sometimes 
we use thermite, and there is a tremendous strain on that yoke when we 
test it. There is a strain of some 8 000 foot pounds on the valve stem, and 


we have found it operates easily enough. , 
PRESIDENT SHERMAN. Do you have a uniform operating speed 
throughout? 


Mr. Dean. No; the motor is wound and the unit is wound with 
particular reference to the necessity of shutting the line down, first fast 
and then slowly. You will notice when a crane pulls out a 10-ton load it 
goes very, very slowly, of necessity; but when it pulls out a 1-ton load it 
goes very fast. In shutting down the gate you can go 3 of the way very 
fast, 12 inches a minute; but when you get to throttling water at high 
velocity you have to slow down, and the motor slows down until it gets 
almost to a stop. 

PRESIDENT SHERMAN. It slows down sufficiently so that there is no 
danger of water hammer? 

Mr. Dean. I might say that after experimenting and getting the 
advice of our engineers we have decided on closing mains under all con- 
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ditions at 3 inches a minute, and no faster. That is what we advise right 
through. I do not think you will get any water hammer then, at 3 inches 
a minute. And we gear to suit that. That is what we have been able to 
find, and that is what the engineers think about right. 

Mr. Garrett. What distance from the valve is it economical to 
operate with a single unit without a relay conduit? 

Mr. Dean. About 500 feet. Beyond that distance your copper 
becomes excessive and you best buy small copper wire and put a relay in. 

Mr. Garrett. Beyond 500 feet? 

Mr. Dean. Beyond 500 to 700 feet, depending on the size of valve 
and current required. A large valve takes 120 volts; that is 25 kilowatts. 

Mr. Garrett. If at one station the valve is partly opened and left 
in that position, can the other station close it? 

Mr. Dean. Each station has complete control over the valve. 

Mr. Garrett. And the indicator in the other station will show what 
has been done? 

Mr. Dean. The lights will show it. 

Mr. D. L. Furness. When you have operated a valve by hand and 
want to put it back, do you have to put the motor back in the position 
where you operated it by hand? 

Mr. Dean. Oh, no; leave it where it is. In the new units, we are 
bringing out, the operation will be entirely automatic. That is a matter of 
evolution in the device we are getting out. I might mention one test that 
is costing probably $15 000. We have had great difficulty in shutting off 
high pressure steam in case the line breaks. The ordinary velocity on a 
steam line going to a turbine has a maximum of 5 000 ft. a minute. If the 
line breaks that velocity is apt to go up to 50 000 ft. or more. The engineers 
have put an electrically operated valve in to shut that down. We are 
having a test where there is 40 000 h.p. of steam available. We are given a 
22-in. header and a 10-in. header going to these 40 000 h.p. boilers. There 
are eight different valves on the header, an English valve, a German 
valve and several American valves to keep that tight, —that test being 
carried out under my jurisdiction by the National Electric Light Society, 
in New York. 
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SOME OBSERVATIONS ON WATER CONSUMPTION. 


BY CHARLES W. SHERMAN.* 


[Presented January 12, 1922.] 


The object of this paper is to bring to your attention some of the 
things we do not know about water consumption, and especially about 
what constitutes a reasonable water consumption, rather than to submit 
any new facts or to draw conclusions from existing data. 

Everyone knows that what may be reasonable consumption in one 
city would represent extreme wastefulness in another, and that local 

conditions have great effect upon legitimate water consumption. This 
statement is, however, of little aid in attempting to reach a conclusion as 
to what is a reasonable consumption for any given case. 

It is natural to expect that in the available literature upon water 
supply, a fair amount of information upon this subject may be had, and 
that it should be possible with the assistance of various books and publica- 
tions to obtain sufficient data upon which to base a reasonable conclusion. 

To test this assumption let us try the principal sources of such in- 
formation. 

Turning first to the “‘ Water Works Hand Book,” compiled by Flinn, 
Weston and Bogert, 1916, we find (page 545) a chapter entitled “ Water 
Consumption.” This chapter begins as follows: 


“ Per Capita Consumption in U. S. cities and towns ranges approxi- 
mately from 50 to 400 g.p.d. For communities having service connections 
wholly or largely metered, it is commonly under 100 g.p.d. and for small 
cities and towns often much less. For large cities with few meters, but 
well managed works in good condition, 125 to 150 g.p.d. is a reasonable 
allowance. Character of industries, climate, and other local conditions 
have important influences.” 


The remainder of the chapter is given up to figures upon quantities of 
water required for irrigation and discharged by lawn sprinklers, and a 
table upon water consumption in foreign cities. On page 414, however 
(in a chapter upon distribution systems), we find a table giving the con- 
sumption of water for the year 1906 in 19 American cities and towns, 
which are stated to be well metered. No other significant information 
upon what constitutes reasonable consumption is to be found in this book. 

Referring next to the American Civil Engineers’ Hand Book, 4th 
Edition, 1920, somewhat more and better information may be obtained, 





* President New England Water Works Association 1921. 
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a table giving the consumption in 30 American cities, usually for the year 
1917; but there is no information upon which to base a conclusion as to 
what constitutes reasonable consumption, or upon changes that should 
be expected with lapse of time. 

Failing to find the desired information in recent books, let us try 
Fanning’s “ Treatise on Water Supply Engineering,” published in 1877. 
On page 37, Fanning says: 


“‘ Water Supplied to American Cities. The limited use of water for 
domestic purposes in many of the European cities during the last half 
century, led the engineers who constructed the pioneer water works of 
some of the American States to believe that 30 gallons of water per capita 
daily would be an ample allowance here; and in their day there was 
scarce a precedent to lead them to anticipate the present large consumption 
of water for lawn and street sprinkling by hand-hose, or for waste to prevent 
freezing in our Northern cities. 

“The following tables will show that this early estimated demand 
for water has been doubled, trebled and in some instances even quadrupled; 
and this considerable excess, to which there are few exceptions, has been 


the cause of much annoyance and anxiety.” 


Following this statement is a table of consumption for the year 1870 
in 23 American cities, another table showing comparisons between the 
consumption of 1870 and 1874 in 17 cities, and a third table showing pro- 
gressive increase in per capita consumption in 13 cities from 1856 to 1874. 
Fanning states that ‘“ the legitimate use of water is steadily increasing,” 
and that owing to the greater variety of purposes for which water is re- 
quired in larger cities, a greater per capita consumption should be expected 


in such places. 


“In the New England towns and cities, the average daily consumption 
and waste of water according to population is approximately as follows: 


Places of 10 000 population 35-45 gallons per cap. 
20 000 -s 40-50 as ee 
30 000 ” 45-65 etre ie 
50 000 es 55-75 zs eae 
75 000 e and upwards, 60-100 i ie 


In the files of the JouRNAL or THE NEw ENGLAND WaTER WORKS 
ASSOCIATION, we find the report of a committee presented March 12, 1931, 
which contains a vast amount of valuable information, more especially upon 
the quantities of water required for different classes of service or consumed 
in various cities at that time, together with some information upon varia- 
tions in consumption over-a limited period of years for a comparatively 
small number of cities. This information is of much significance, yet 
very little assistance can be derived from the statistics given in attempting 
to decide what changes are likely to occur as time goes on. 
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Turning back to an earlier date, we find a report by Dexter Brackett, 
on the consumption of water in the Metropolitan Water District in Vol. 
XVIII for the year 1904. This report, which was drawn upon freely by 
the committee previously mentioned, contains much of value, but has to 
do more particularly with the need for metering water in the Metropolitan 
District as a method of restricting waste. A considerable amount of 
helpful information may also be found in Transactians, American Society 
of Civil Engineers, Vol. XLVI (1901) p. 407, reporting an informal discus- 
sion upon “ The Consumption and Waste of Water.’ 


WATER CONSUMPTION 
IN BOSTON 


GALLONS PER CAPITA DaiLy 





1850 1860 1870 1680» 1890 1900 1H0 1920 


In Appendix II to the report of the Massachusetts State Board of 
Health upon “ A Metropolitan Water Supply,” 1895, Mr. Brackett dis- 
cussed the present and future consumption of water in the Metropolitan 
District, and this report contains the most complete discussion of changes 
in consumption as well as reasonable use of any which has come to my 
attention, not, excepting the valuable reports upon the additional water 
supply of New York. Changes in per capita consumption from 1850 to 
1893 are shown for 17 American cities. 

Mr. Brackett called attention to the necessity, in estimating consump- 
tion for future years, of giving consideration to the great increase in the 
number of water fixtures and also to the effect of increased pressure in 
causing greater use and waste of water. 

The actual experience of the City of Boston, including the data upon 
which Mr. Brackett’s studies were based, with the figures brought down 
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to the present time, furnishes a striking illustration of variations in con- 
sumption from time to time. The table submitted herewith shows the 
per capita consumption of Boston from the construction of the Cochituate 
works in 1849, to 1921. With the exception of the period 1908-1915 
inclusive, during which a reduction in consumption was accomplished by 
the extension of the use of service meters, a general increase is to be noted, 
excepting only periods when the consumption was limited on account of 
shortage of the supply, and the period following 1883 when waste was 
controlled to some extent by the use of the Deacon meters. 

It is interesting to note that when a water supply for Boston was 
first contemplated in 1825, the quantity of water probably required was 
estimated on the following basis: 


“Taking the inhabitants of Boston at 50000, collected into 8 000 
families, and supposing each family to use 60 gallons for washing, and on 
the same day 40 gallons for all other purposes, we have 100 gallons to each 
family. As not more than 6 000 families would be likely to wash on the 
same day, 6000 families at 100° gallons each and the remaining 2 000 
families at 40 gallons each, making 680 000 gallons. Now, if we take the 
other ordinary demands by the trades and for watering cattle, streets, 
etc., together with the loss by leaks and waste, at 500 000 gallons more 
we get 1180000 gallons, as the maximum daily consumption, allowing 
every family to use the water.” 


This figure is equivalent to 24 gallons per capita daily. 

In 1844, when plans for the Cochituate supply were being developed, 
the commissioners reported that the amount to be supplied should be 
equivalent to 283 gallons per capita daily. 

As the table shows, the consumption for the first year the works were 
in operation (1849) was 28 gallons per capita for the entire population. 
The commissioners probably felt their forecast was justified. This in- 
creased very rapidly, however, to 73 gallons per capita in 1856, and 101 
gallons in 1861. 
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WaTER CoNsuMPTION oF Boston, Mass. 


In gallons per capita daily. 
Year Consumption. Remarks. Year. Consumption. Remarks. 
1849 28 1890 83 
1850 43 1 90 
1 49 2 96 
2 56 3 107 
3 56 + 100 
4 64 5 104 
5 64 6 117 
6 73 7 118 
7 76 8 119 
8 75 9 128 
9 75 1900 132 
1860 97 1 137 
1 101 2 141 
2 91 3 140 
3 87 + 149 
4 88 5 150 
5 66 6 148 
6 60 7 153 
Yi 63 8 153 Metering law 
8 67 Supply 9 143 
9 67 inadequate 1910 130 
1870 66 1 125 
1 60 2 126 
2 63 3 110 
3 72 + 111 
4 72 5 104 
5 69 6 105 
6 71 7 106 
7 72 8 120 
8 80 9 119 
9 87 1920 125 
1880 87 1921 112 Pitometer 
1 94 surveys 
2 95 
3 97 
4 73 Deacon 
5 73 meter 
6 74 work 
7 80 
8 87 
9 81 


Note: Records for 1849 to 1893 are for the Cochituate works only; the remainder 
are for the entire city. The figures for the years 1898 to 1903 have been estimated 
from those of the Metropolitan District. 

Doubtless a portion of the increase was due, as is always the case 
with a new water system, to the fact that at the beginning a comparatively 
small portion of the population was actually served, and figures of per 
capita consumption based upon the total population would accordingly 
give too low a result. It is undoubtedly the fact, however, that the greater 
portion of the increase was due to waste and leakage. 

It is interesting to note the figures which competent engineers esti- 
mated at later dates as representing reasonable and proper consumption 
for Boston. In 1873, Joseph P. Davis, in reporting upon “ An Additional 
Supply of Water,” stated: 

“The average daily consumption per inhabitant has varied during 
the past few years between wide limits, having been ninety to one hundred 
gallons as a maximum, and somewhat less than sixty as a minimum. 








278 





SOME OBSERVATIONS ON WATER CONSUMPTION. 
’ 


“‘ As the new area to be provided for will undoubtedly contain a less 
proportion of manufacturing and shipping interests than that now supplied, 
and as there will probably be means devised at no distant day to check 
the great waste that has heretofore taken place, an allowance of sixty 
gallons for each person should, and without much doubt will, be ample.” 


City Engineer William Jackson in a report upon “ The Water Supply 
of Boston,” dated 1886, said: 

“The Proper Allowance per Head of Population. — As is shown by 
the opinions of engineers, quoted by Mr. Crafts, the proper allowance 
per head of population varies largely, and the earlier estimates were much 
smaller than those.of recent years, and also much smaller than the experi- 
ence of any American cities will at present warrant. 

Since the construction of the Cochituate works, in 1848, the facilities 
for the use of water as well as the uses to which it has been put have been 
constantly increasing not only here but throughout the world. 

In 1857 there were 48 000 house water fixtures connected with 20000 
services in the city of Boston; in 1885 there were 188 000 fixtures supplied 
from 52 000 services. In other words, the number of fixtures per service 
had increased in twenty-eight years from 23 to 53. 

* * * 


“That a certain portion of the water supplied in Boston is wasted, 
and that the present consumption per capita can be reduced to some 
extent, is not disputed; but in view of the previously stated fact that the 
efforts of the past three or four years have not reduced the consumption 
below 70 gallons per head, it is not deemed safe or advisable to use a less 
amount in considering the future requirements of the city.” 


In his 1895 report cited above, Mr. Brackett does not give an estimate of 
the reasonable consumption of Boston, but states that in estimating the re- 
quirements of the entire Metropolitan District for the succeeding 30 years, 
a consumption of 100 gallons per capita daily should be assumed. This may 
probably be assumed as equivalent to about 120 gal. per day for Boston. 

In the report of 1903, his estimate was that if waste were not prevented, 
the per capita consumption of the District should be expected to increase 
from 134 gal. per day in 1910 to 174 gal. in 1930, (corresponding roughly 
to 160 and 205 gal. per day for Boston); and that if waste were prevented, 
the corresponding figures would be 80 and 100 gal. per day for the District 
(95 and 120 gal. for Boston). For 1920, his figure would have been 154 
gal. per uay for the District if waste were not checked, and 90 gal. if waste 
were prevented (180 and 105 gal. for Boston). 

The experience of Boston has been cited as more or less typical of 
that in the larger American cities, and indicates how difficult it is to draw 
a fair conclusion upon reasonable consumption at the present time, much 
more so for a future period. In. view of the present conditions in Massa- 
chusetts with the probable need for an early extension of the water supplies 
of some of our important cities, it is a subject to which serious consideration 
must be given and upon which it is most important that sound conclusions 
be reached if proper provision for the future is to be made. 














a... ae 


way 











TOPICAL DISCUSSION. 279 


TOPICAL DISCUSSION: .CAN HIGH-VALUE WATERSHED 
LANDS BE PUT TO PROFITABLE USE? 
[September 15, 1921.] 


Mr. Samvuet P. Senior.* Mr. President and Gentlemen: Some 
time ago Mr. Sherman came to Bridgeport and asked me to write a paper 
about Bridgeport’s water supply. I told him I would do it. And I also 
told him that I would like to ask a question about watershed lands. 

The problem I want to ask about is this — by the way, I have never 
heard it discussed or seen a reference to it in any of the publications of 
the various engineering societies. In the case of rough and rather cheap 
lands it is customary, I believe, for water companies to plant conifers, 
such as white pine, red pine, and so forth, and get some return in that way.- 
But the thing I want to know about is regarding land of better character 
and higher value. For instance, we have perhaps 1 000 or 1 500 acres of 
land that is valued at $200 or $250 an acre. Manifestly you could not 
expect to get a return from land of that value by planting pines or other 
conifers. 

The question is, What are you going to do with that land? If you 
allow it to take care of itself in a few years it will grow up to white birches, 
briers, and so forth, and your land which cost $200 an acre will be worth, 
perhaps, $25 or $30. So that the problem is to keep that land up to its 
initial value. 

I would like to know what the various members do with land of that 
kind. We have an agricultural account which, I think, runs up to about 
$90 000 a year for work of this kind. We have tried potatoes and corn, 
and other forms of crops, but the difficulty is right here, in my opinion: a 
farmer can live and make a living from such land in this locality where 
he keeps cows in connection with the farm work. He can with the same 
amount of labor keep 12 to 15 cows, and from them get a daily income, 
and in addition to that get fertilizer that he uses to take care of his 
crops. We failed to show a profit on potatoes, corn, and similar crops. In 
fact, found that we worked at a loss, and for that reason. 

At the present time most of our land we are getting into grass and 
sell a great deal of standing hay. We also cut a lot of it, bale it and sell 
it at the best price we can get. The idea of getting it into grass is that 
less labor is required on land so planted than anything we know about. 

We also are experimenting with orchards. There are about 100 acres 
now planted to standard apples, and in many cases peaches are grown in 
between the apples and we have marketed some peaches. We have some 





* President Bridgeport Hydraulic Company. 
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apple trees that are nearly old enough to bear. As you know it takes 
about eight years to get a crop of apples. 

Mr. J. W. Diven.* The main, if not the sole object and reason for 
purchasing watershed lands, is to protect and improve it as gathering 
ground for the water supply, not to make profit. If the land is to be used 
or leased for ordinary farming purposes then why buy it? - Unquestionably 
forestation is the best way to use such lands, the way that will most 
improve them as gathering grounds and that will most improve the water 
supply from them. Cropping them, using them as pasture lands, culti- 
vating them will not improve the quality of the water gathered on them, 
in fact will leave them about as they were under individual ownership. 

But if not satisfied with the slow asset of timber raising, or if the land 
is not suitable for that purpose or is considered too valuable, then the 
consideration becomes what can be raised on it that will have the least 
injurious effect on the water supply. This will depend largely on the char- 
acter of the soil. But it should be always borne in mind that the least 
the land is ‘‘ worked ” — plowed, cultivated or in any way broken up — the 
better. Plowed land will, with heavy rains, wash into the streams, 
reservoirs, etc., making the water turbid, as well as carrying with it many 
impurities and injurious substances. If the land is suitable for hay,—and 
most of our northern hill lands are — that will be among the most suitable 
crops for watershed lands. On the ordinary hill soils hay crops will run 
from four to six years without reseeding, possibly with proper care, late 
fall and early spring seeding on the sod, it will run much longer. Alfalfa, 
if the soil is suitable, would be a better crop, as it stands longer, and its 
tough and deep roots would best prevent gullying and washing of the land. 
Either are profitable crops and require little working. With the modern 
farming machinery, tractor propelled, it would not even be necessary to 
go on the land with horses, thereby eliminating one possible source of 
contamination of the supply. 

Fruit orchards or nut groves would entice the small boy to trespass, 


and surely the fewer people permitted on the watershed the better, for 


any one might be a typhoid carrier and cause serious contamination, 
resulting possibly in an epidemic. Fruit orchards to be properly cared 
for and protected would mean the dwelling on the land of many people, 
always a source of danger. Orchards require considerable care, the using 
of chemicals that would not be considered pleasant in drinking water, 
among other things, and they surely require close watching if the owners 
are to reap any benefit or profit from them. Nut trees require little care, 
but do need guarding, and in places remote from residences are considered 
by the small boy as common property. 

It may be argued that leased lands can be better controlled than 
privately owned, that proper restrictions and regulations can be made. 
The speaker’s experience is that the restrictions are hard and costly to 





* Secretary American Water Works Association. 
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enforce, the lessee naturally wants to get all he can from the land, and, 
unless his lease is to be a long one, apt to get from the land all he can, 
puttingas little as possible into it,so that the land would soon be exhausted, 
worked out and unfit for farm land. Perhaps this would be a good, as 
well as a logical, solution of the problem, as there would be no high value 
land to be considered and forestation would be the final outcome, and 
the best watershed protection be accomplished. 

Mr. ALLEN Hazen.* But little of the land acquired for water works 
purposes in New England and the adjoining states has been sufficiently 
valuable to make this question important. Ordinarily devoting the land 
to forestry seems to be the best solution. There are, however, places 
where much more valuable agricultural land has been taken for water 
supply purposes. In California some very valuable land has been so taken. 

The Spring Valley Water Company, supplying San Francisco, has 
perhaps the largest holdings. It owns about 100 000 acres of land. This 
includes several million dollars worth of very productive land. The 
company is not able to operate that land directly at a profit, but what it 


‘has done has been to organize an agricultural department with a very 


competent superintendent who finds out what each parcel of land is fitted 
for, and can be used for without injury to the water supply and then leases 
that parcel, restricting its uses to these purposes that he has decided upon. 
The leases provide strictly what tenants can and cannot do, and they 
contain all the provisions which are thought to be necessary to protect 
the water from pollution. These conditions vary according to how the 
land is located. Some of it where the conditions make it suitable, is used 
for general agricultural purposes and is cultivated and cattle kept upon 
it. In other locations closer lines are drawn. Areas about reservoirs 
may not be ploughed and cultivated, but they have been leased for grazing 
purposes. Sheep are found to be cleaner than cattle, and sheep have been 
permitted in certain places where cattle would have been regarded as 
objectionable. 

The agricultural operations of the company have resulted in sub- 
stantial net profits, running up to something approximating $200 000 per 
annum and this is quite an important aid to the company in carrying 
these valuable lands that are necessary for protecting the quality of the 
water supply. From an accounting standpoint there are some practical 
difficulties. As you know the state supervision of public utilities of 
California is very close and the state officers find it difficult to satisfactorily 
audit these agricultural accounts. One way out of the difficulty that 
has been talked of but not yet adopted, would be to form a subsidiary 
land company making a contract with the water company for the manage- 
ment of lands and completely separating the accounts from those of the 
water company. 





* Consulting Engineer, New York. 
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Me. Wituiam A. Mackenziz.* I have not had personal experience 
along the line of utilizing the higher priced land in the watersheds of public 
water supplies. Wallingford has had success planting Norway and 
Scotch pines, but I can not predict how it will turn out from a financial 
standpoint. 

However in my section there are a large number of apple and peach 
orchards. These lands on the rolling hills have been bought for a nominal 
price and then by planting apple and peach trees in alternate rows they 
have yielded a good profit within a few years. 

I have in mind one farm in particular where I do not think the present 
owner paid over $5 000 for an 80 acre-farm. The apple trees have been 
bearing about four years and this year his entire crop of peaches and apples 
was worth about $45 000, and he was offered $100 000 for the property 
with this year’s crop. But the owner stated that his lowest price was 
$125 000. The owner is not a farmer and does not live at the farm or keep 
any stock on the premises. 

I believe high-priced sections of watershed lands can be set out to apple 
trees and with expert care show a profit within a reasonable length of time. 

Mr. J. E.Garratr.t{ The experiences that we have had at Hartford 
may be of some interest. The lands that Hartford bought for its new water 
supply were of many kinds, of course, and amongst those lands were 
orchards that perhaps would not run as the best quality, but they were 
orchards that bore fruit. Our experience has been that the best proposition 
is to cut those orchards down and get rid of them because of the fact that 
to care for the fruit and to get it for our own use would require such a 
guard that it would hardly pay to save that fruit. I wonder if you did 
go into the fruit business whether you would be able to save it for yourself, 
or whether, as water-works lands are located, being separated from the 
populated districts, the fruit would be taken care of by others. 

Mr. Turopore L. Bristou.{[ Our problem is considerably, I think, 
like Mr. Senior’s. We tried everything to get some revenue from our 
lands. We first started in setting out some pasture land to chestnut, 
planting the nuts themselves, and then installed a nursery and 
planted seedling chestnuts from the nursery. Of course, most of those 
are gone. Then we tried white pine, and some of the stock came from 
Germany and was infected, and a good deal of that has gone. Now we 
are planting red pine. 

Then we tried chemical fertilizing and green manuring. No stock 
was kept on this property, so tried green manuring by ploughing under 
rye. That was a failure, —I think perhaps because we did not under- 
stand how, although we had a farmer in charge. 

Then we tried sheep and started in with a man who knew his busi- 
ness. The highest number of sheep was 400 and when we got through 

* City Engineer and Superintendent Water Works, Wallingford, Conn. 


+ Civil Engineer, Harttord, Conn. 
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we were $3500 out of pocket, and hadn’t any sheep. At the present 
time we are trying to keep the land that is not too poor in grass, but hardly 
get our money back for taking care of it and keeping it up, re-seeding, 
and trying to make grass land out of it. We have tried alfalfa, that was 
not a success. 

Mr. Diven. You did not try it right; you forgot the lime. 

Mr. Brisrot. No; .we bought carloads of lime,—a great many 
carloads of lime — and have used fertilizer. You have to treat the soil 
with bacteria. I do not think there is a speck of that alfalfa left. We 
had a fair stand to start with, but the second ad there was none left, 
having been winter-killed. 

Now I think our principal revenue is from cider apples. The only 
way I can see that we can make any money on cider apples is to sell some- 
body the output of the orchard and let them watch it, because we could 
never keep any apples on the orchard ourselves. I think if we told some- 
body that they could have those apples at a certain price, they would watch 
the orchard to see that nobody got them. 

Mr. Hue McLean.* It is a question in my mind whether or not 
we are putting our efforts to any good purpose when we are trying to do 
something with our farm lands. We have got about 3500 acres. We 
have gradually been accumulating farm after farm. But it does seem 
that there should be some power somewhere that would compel the water 
commissioners to put that land to some use. We have taken it away from 
productive possibilities. We buy a 200-acre farm, which was formerly 
capable of taking care of 35 or 40 head of cattle and raising crops, and 
it is abandoned. The buildings are taken down and everything goes to 
seed. Whether it is in the form of reforestation, or whether it is in the 
form of fruit trees, or grass and hay in some form, it seems to me that 
there should be something worked out through our agricultural colleges, 
which we maintain by taxation so that we will have some service rendered 
and advice given us as to what it is best to do. 

Two years ago, having that in mind, we set out about 500 000 pine 
trees on our watershed. Now, is it going to be profitable? Some people 
say that we can sell them for a million dollars in thirty years; and if in 
thirty. years time they are worth a million dollars, we have done the 
public a good service. 

Is there any other tree that might be set out? For instance, the black 
walnut? I understand that the black walnut of the country is about 
gone. It might be possible to set out forests of black walnut if the lands 
are adapted to them. We ought to clean up the forests, and set out some- 
thing that will pay. 

We have had quite a good many fruit trees on our land, but they have 
grown old and are not profitable, so we decided to cut them down and 
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set out something that would be profitable. I think the pine trees will 
preserve the purity of the watershed, and will bring us a harvest in time 
unless a fire gets intothem. I think we ought to be compelled to do some- 
thing by the state. 

Mr. M. N. Baxer.* As a general proposition I should suppose 
that there would be no question but that forestry work, even for relatively 
high-priced lands, might in the long run be the best thing. It has been 
common in Europe, as many of you know, for generations, and in some 
eases for centuries past, for cities to maintain municipal forests. If 
this matter were taken up in a broad-minded and scientific way with 
proper codperation, it seems to me that forestry, in the long run, would 
be found to pay. We certainly have got to do something in this country 
to provide for the future timber supply. I know by my own experience 
that so far as any immediate returns are concerned, it is entirely out of 
the question for a private individual to replenish denuded lands by planting 
forest trees. I planted some 50000 trees (cuttings and transplants) on 
an Adirondack farm that I sold recently. I did it for amusement and 
for the pleasure of seeing them grow, and I feel I got my money back from 
that viewpoint, but of course only my children would have reaped any 
direct profit from these plantations, had I retained the land, unless I 
should have been so fortunate as to live and retain my faculties to a ripe 
old age. Doubtless, I sold the farm to better advantage because a con- 
siderable part of it had been reforested. 

I believe the Massachusetts forestry tables are the ones generally 
cited in this country as to the possibility of revenue. They show a slight 
return from white pine, after only some twenty-five years. The white 
pine experience has been somewhat disastrous on account of the blight, 
and attention now is being given to planting other species of pine. I found 
in my own experience that for immediate results the Scotch pine was 
very much better than the white pine in the Adirondacks. (I never 
had any trouble with blister or any other disease.) The Scotch pine takes 
hold much more quickly and makes much more rapid growth than the white 
pine. When it becomes marketable it will not be worth as much as the 
white pine, however, and that has to be taken into consideration. 

Reforestation must be regarded as a long range proposition, and it 
should be taken up in a very broad way. In a number of states there is ' 
no difficulty whatever for a city or private water company to get all the 
coéperation that they may reasonably desire from the state in which 
they are located. In New York and in Pennsylvania, — and I dare say 
the same is true in other states, but it is conspicuously notable in those 
two states — an immense number of young trees have been set out on 
water works drainage areas. 
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Mr. X. H. Goopnovueu.* I believe the planting of forest trees on 
watersheds is becoming quite common in Massachusetts from what I 
have learned from the State Forester and elsewhere. Many of the cities 
have purchased forest trees and are beginning forestry on their water supply 
watersheds. 

As to profit from forestry, I think that the Forestry Department 
published some years ago a statement in which they said that after 25 
years a little income might be obtained but that in 30 or 35 years the in- 
come would be a better one and eventually, on the basis of the recent. 
price of pine, they believe that an income of $7 an acre can be obtained 
from the pine lands. That would be all profit, as I understand it. 

The planting of forests is about the best method of utilizing the water- 
sheds of public water supplies, as I see them in Massachusetts. Most 
of these watersheds are rough lands not adapted to general farming and 
forestry is handled very well on sonte of those watersheds. 

The Agricultural Department appears to think that such lands can 
be used for grazing. The land varies greatly of course as to the number 
of animals it will support.. Some pasture Iimd will support quite a number 
of sheep per acre — something like 5 to 7 — but it appears that such a 
number of sheep would require better than the average pasture land so 
that it is safer to estimate on 5 or 7 sheep on 2 acres of the kind of pasture 
land that is ordinarily met with in the various watersheds. 

. Oreharding could not be handled as a rule by municipal authorities, 
and in order to handle it properly of course it has to be dealt with by long 
leases. I do not know of any place in Massachusetts where orcharding 
has been tried, but I think the general feeling is now that the pine crop 
is something that is worth trying, and has so far been pretty successful. 
There has been no very great loss as yet from fires. There was one large 
fire in New Bedford several years ago, but other than that I have not 
heard of any large losses from fires in pine lands within water supply 
watersheds. 

Mr. Rupotpx Herine.t Itseemsto me when we are making such 
improvements in the purification of water that it may not be very far 
distant when we shall purify all surface water and give up the possession 
of watershed lands from which we expect to get fairly pure water. There- 
fore, I am somewhat in doubt about how to answer Mr. Senior’s question. 
It depends a good deal on how much we can absolutely guarantee in the 
way of purifying water from small, as we do now from large, streams, 
where the cities do not own any territory at all but rely entirely upon 
the purification of the water. Now, if we can filter and purify the water 
satisfactorily from the smaller areas, in time we shall not be required to 
possess large areas of watershed land where the difficulties that have just 
been mentioned by the speakers will arise. 
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Mr. Bristot. I would like to ask if anybody has leased the berry 
privilege on their lands. We have a lot of berry pickers that get a lot of 
revenue from our land. 

Mr. Driven. Keep the berry pickers off. 

Mr. Bristou. It is some job. 

Mr. Witu1amJ. Wittson.* I would like to ask Mr.Senior regarding the 
care of these trees, —whether the underbrush is cut down and some expense 
incurred in caring for the trees, or are they allowed to grow without care? 

Mr. Senior. We usually clear the land the year before we plant it, 
and then I think you would have to clear the brush overhead about twice 
before the trees got big enough to take care of themselves. Clear the land 
where the trees are planted and then in a few years you will find that 
they are being over-topped because they have not sufficient start to get 
ahead of the underbrush; and a few years later it is quite likely you would 
have to cut it out again. We have been having trouble with just that 
thing this summer, and it is a question whether it pays in some cases. 
The underbrush gets a start, and it costs a lot of money to cut it out. 
In some cases we have actually left it and let it drive the pines out, because 
the cost. was prohibitive. To raise the conifers to commercial size is a 
difficult thing, and it is a question in my mind whether it ever pays, even 
in rough lands, because of some of those practical costs. 

Another thing is fire. You lose a lot of them through fire. Those 
of you who have had to clean up brush land for your reservoirs know that 
the cost is a very real item. If the brush gets in there it will crush your 
pines down when you go to cut them. And it costs too much to 
handle the wood and carry it out, so that you can’t get anything for it. 
There are quite a few practical difficulties. 

A lot of you have said that raising orchards would not pay because 
your fruit would be stolen. I do not think there is anything to that at all, 
because there are commercial orchards all over the country that have very 
little trouble. If you have trees enough in one locality — and you must 
have, to make it worth while— you can protect them without any trouble. 
In fact, you have to have a man on duty there while the apples are ripen- 
ing, and perhaps have a couple of dogs there, or something like that. 

There is a man here named Jackson who has made a very great success 
of his orchards. Last year he sold a thousand barrels of the Mackintosh 
apple, worth $10 000, off land that he planted a few years ago, which only 
cost him $10 or $15 an acre — cut overland. Ido not see why, if he can do 
that, we cannot doit. And we are trying it on a comparatively small scale. 

What I wanted to bring out to-day is, what are you gentlemen doing? 
not what is your theory about it, so much as what are you doing now? 
It is a condition, not a theory.. I am telling you what we do, and I would 
like to know what some of you are doing to-day. It is a big problem. 
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You have thousands of acres of land, good, fertile land — and what are 
you doing with it? Are you allowing it to grow up to briers and go back 
to cheap land, or are you planting it, or what are you doing with it? That 
is what I want to know. 

Mr. Garratt. In Hartford most of our land is rough land. The 
amount of fertile land, meadow land, was relatively small and was near 
the reservoirs. On rough land we have a definite forestation plan, whereby 
each season we plant about 30000 pines, red, Scotch and white. The 
brush on those plantations is kept cut for the first few years. It is an ex- 
pensive propesition to grow them now, but what they will return in the 
future we are not in a position to say. 

The open land, the good land near the reservoirs, we are planting to 
grass. It is plowed and fertilized with commercial fertilizer, treated with 
lime and sowed down. 

The land that is already forested is trimmed out as our force allows 
and made into lumber, cord wood, ties and telegraph poles. 

Mr. McLean. I think it has been established that it is possible to 
take care of the land if it is nothing but a forest. We have men wlio 
haven’t much to do in the winter time, and instead of letting them be 
idle it is best to send them into the woods to chop down the wood and sell 
it; otherwise I think we will be compelled to give up the land to the people 
who own it and who do something with the soil, and filter our water. If 
the boys steal the fruit off the trees, that can be easily stopped. 

Mr. Baxer. I hope the idea won’t get abroad that everywhere 
there is such a serious struggle between the forest weeds, as they are called, 
and the pine that are planted, as seems to be the experience in some places. 

I do not question that it may be true here in Bridgeport, but probably 
several if not many of those present know of good pine plantations in this 
country and elsewhere where there has been absolutely no trouble, or only 
very insignificant troubles with other growth. If the trees are properly 
spaced, in a very few years pine will completely cover the ground. One 
area in particular which I planted about ten years ago has grown up so 
that it is next to impossible for anyone to walk through it, the ground is so 
completely covered, the branches from one row of trees interlocking 
already with the branches from another. And that is my general observa- 
tion wherever I have seen forestry work being carried on. There may be 
places, of course, where some of the softer woods do get in and grow so 
rapidly that they choke out the pines, but I think experience will show 
that after fifteen or twenty years the pine will be in the ascendency. The 
pine is a rapid grower and I think will destroy everything else. 

Mr. Sentor. The difficulty we have is in cut-over land. You would 
not experience that on pasture land. 

Mr. Driven. I think in the long end of the struggle you will find 
that. the pine will win. 
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THE DESIGN AND CONSTRUCTION OF THE 
GLOVERSVILLE STANDPIPE. 


BY FRANK A. MARSTON.* 
[January 12, 1922.] 


The City of Gloversville, well known because of its extensive leather 
and glove industries, is located in the easterly portion of New York State 
about forty miles northwest of Albany. Its population in 1920 was 22 026. 

The main water supply is derived from a number of creeks located 
at a distance of from three to ten miles from the city and at sufficient 
elevation above it to enable the supply to be distributed by gravity. 

The water consumption of Gloversville varies widely, depending 
upon the activity of the tanning industry. In the period from November, 
1919, to March, 1920, within which the tanneries were very active, the 
average water consumption was 2.8 million gallons per day, with a maxi- 
mum rate of from 4.5 to 5 million gal. per day, and the average per capita 
consumption amounted to 127 gal. per day. By contrast, during July, 
1920, when the tanneries were shut down, the average water consumption 
was 1.75 million gal. per day, with a maximum rate of from 3.0 to 3.5 
million gal. per day, and the average per capita consumption amounted to 
but 80 gal. per day. The services are nearly all (99.2%) metered. 

With the tanneries in full operation the maximum demand for water, 
from these industries, during the daytime, has been sufficient in the past 
to reduce the normal water pressure in the center of the city, from about 90 
to about 65 lbs. per square inch. 

According to the standard regulations adopted in 1916 by the National 
Board of Fire Underwriters, the maximum rate of demand for water at 
fires is approximately 4760 gal. per minute, or a rate of 6.85 million 
gal. per day, computed by the formula, — 

Gallons per minute = 1020 vP (1-.01 vP) 
Where P = population in thousands = 24 (estimated) 1935 population. 

This maximum rate is to be taken in addition to the ordinary maximum 
water consumption demand based upon: ‘ The maximum consumption 
for 24 hours in the past three years . . . unless conditions have so changed 
that this maximum will not occur again.” 

It is further required that for cities of 2 500 population or over, “ ten 
hours’ fire flow could be obtained.” 

The fire demand rate of 6.85 million gal. per day for a period of ten 
hours requires a total amount of 2.86 million gal. To provide water storage 
to meet these conditions would require the construction of a reservoir, 





* Of Metcalf and Eddy, Consulting Engineers, Boston, Mass. 
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preferably of at least 5 million gal. capacity. Such a reservoir has been 
proposed as a part of the future construction program of the Water Works 
Department; but in view of the financial situation of the Department 
and the need of reinforcing the distribution pipe system, the local authori- 
ties felt that the cost involved by the construction of a reservoir of 5 million 
gal. at the present time was not warranted and that the expedient of 
building a standpipe with a capacity of about one million gallons would 
tide over the situation until some future time when a larger appropriation 
could be made. 

From the point of view of fire protection the standpipe, by reason of 
its small capacity, would have but little effect. During the first hour or 
two of, the fire, to be sure, unless the number of fire streams used was 
large, the pressure would be somewhat increased by the standpipe storage; 
but in a prolonged fire requiring upwards of a million gallons of water, the 
influence of the standpipe would be nearly negligible. 

The standpipe wi!l, however, have the effect of maintaining higher 
water pressure in the center of the city during the hours of the day when 
the demand from the tanneries is such as to reduce the available pressure 
to below desirable limits. In designing the standpipe it was assumed that 
its effect would be to limit the minimum pressure to 72 lb., more or less, 
(with the tanneries active) whereas in the past during the daylight hours 
(from 8 A.M. to 3 or 4 P.M.) the pressure has sometimes fallen to nine pounds, 
more or less, below this limit, as actually recorded by the gage in the Water 
Department’s office. 

During periods of depression in the tanning industry the maximum 
demand for water will be less and it is expected that the pressure will be 
maintained at somewhat higher figures. 


DESIGN OF STANDPIPE. 


After studying several methods of improving the pressure in the 
distribution system, and taking into account the various conditions in- 
volved it was decided to construct a steel standpipe, 60 ft. in diameter 
and 55 ft. in height, on high land near South Eagle Street in the southern 
part of the city. Drawings and specifications were prepared by Metcalf & 
Eddy, Consulting Engineers, Boston, Mass. 

The standpipe rests upon a reinforced concrete foundation, and has 
been so located that the top of the tank is 5 ft. below the overflow level of 
the spillway of Rice Creek. inlet, — the nearest of the several reservoirs 
supplying the city. Near the base of the standpipe, a 12-in. Ross pressure 
regulating valve has been installed, to prevent water from overflowing the 
top of the standpipe at times of unusually low consumption. Under the 
usual operating conditions, even with the minimum weekday demand, 
overflow is not expected to occur, due to the friction loss in the distribution 
system. As a protection in the event of accidental overflow, however, 
provision against serious damage has been made in the grading of the stand- 
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pipe lot and by the construction of a concrete walk around the structure 
at its base. 

By thus locating the standpipe and providing against overflow a 
saving of 5 ft. in the height of the structure was realized, and its capacity 
made more available than would have been the case with a standpipe of 
equal capacity but with the top carried to the same elevation as the spillway 
of the reservoir. 

As the cost of housing a standpipe is substantially equal to that of the 
standpipe itself, one of the first questions to be decided was whether or not 
it would be necessary to roof, or to completely house, a standpipe such as 
this in an exposed location. 

The temperature of the water in Gloversville, during the winter, is 
but slightly above the freezing point. Observations made by Mr. Alex- 
ander Orr, Superintendent of the Water Department, indicated tempera- 
tures of from 36 to 38 degrees Fahrenheit between February 10 and Febru- 
ary 14, 1920. -It is to be expected that a temperature of the air of from 
10 to 20 degrees below zero will be reached on several successive days, with 
the maximum temperature at such times but little if any above the freezing 
point. In order to be thoroughly informed as to what experience has 
shown regarding standpipes of different kinds and dimensions, a question- 
naire was prepared and sent to about 300 water works located in the 
northern part of the United States and in Canada. The results of this 
inquiry were reported in a paper entitled ‘‘ Experiences with Ice in Stand- 
pipes ’”’, presented by Mr. Leonard Metcalf and published in the JourNAL 
OF THE AMERICAN WATER Works AssociATION, Volume VII, No. 4, July, 
1920, pages 578 to 588. 

The records fully established the fact that an open standpipe could be 
used safely in Gloversville, despite the cold winter climate. Furthermore, 
the comparatively large diameter of the standpipe (60 ft.) decreased the 
likelihood of trouble from floating ice or from ice forming against the 
cylindrical sides to an objectionable thickness. 

No overflow pipe was provided, since it was believed that if con- 
structed on the inside of the standpipe it might be torn out by ice action, 
and if on the outside it would soon become frozen, in case of overflow, and 
thus rendered useless. 


SPECIFICATIONS. 


In writing the specifications it was the intention to state the require- 
ments in such a way that the bidders might be able to make use, as far as 
possible, of their own standard forms of joint, methods of construction, 
economical width of plate, and certain other features which would not 
affect the strength or durability of the standpipe, but would result in a 
material saving in cost. 

Only certain portions of the specifications, of especial interest, will 
be mentioned. 
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Stresses. 

The specifications required that all parts of the structure should be 
proportioned so that the sum of the dead and live loads would not cause 
the stresses to exceed those given in the following table: 





Tension in plates forming sides or 


bottom of standpipe............... 12 000 lb. per sq. in. of net area 
SOP ONE TIRE iG Sa eee oy cS es 9 000 lb. per sq. in. 
PORE Wt IRIAN Ss oe se 10 000 Ib. per sq. in. 
Bearing pressure on rivets............ 18 000 Ib. per sq. in. 


The above allowable stresses are somewhat lower than those frequently 
employed for standpipes and other steel structures. The additional 
cost involved by the thicker plates required, appeared to be justified in 
view of the conditions of extreme cold and exposed location, to which 
the standpipe is subjected. 


Plates and Structural Shapes. 

“The bottom of the standpipe shall be made of steel plates 3 in. in 
thickness, with single riveted lap joints.” ? 

“The sides of the standpipe shall be made with courses of steel plates 
varying in thickness from #; in. to lin. The stresses determining the 
thickness of any circumferential course of plates and the design of the 
vertical joints shall be the stresses computed at the line midway between 
the double row of circumferential riveting at the bottom of the course.” 


While it would have been possible with high efficiency joints to use a 
somewhat thinner plate for the lowest course of side plates than that 
specified (1 in.), it was deemed prudent, in view of all the conditions, to 
provide the thicker plate. One consideration which led to the adoption 
of this thicker plate was the fact that the results of examinations of old 
standpipes indicated far more serious pitting of the plates in the lowest 
course than in any of the other courses. 

It will be noted from the above that no limitations were placed on 
the width of plates to be used, making it possible for the manufacturer 
to adopt such widths as might prove most advantageous from his point 
of view. : 

“The plates forming the sides of the standpipe shall be of such 
diameters that the courses shall be cylindrical and shall overlap each 
other inside and outside alternately. 

“The circumferential joints shall be double-riveted lap joints. The 
vertical joints shall be butt joints with inside and ‘outside straps.” 

“Rivets shall be spaced so as to make the most economical and 
watertight seam. The butt joints shall be so designed as to develop an 
efficiency of at least 70 per cent. 

“‘ The lowest course of the side plates shall be connected to the bottom 
plates by means of a 6-in. by 4-in. by }-in. steel angle placed on the inside, 
with the 6-in. leg double-riveted to the side plates. 

“The top of the tank shall be stiffened with a 3-in. by 244-in. by 2-in. 
Z bar placed on the outside.”’ 
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Quality of Steel. 

It was required that all of the steel should be made by the open 
hearth process conforming to the requirements of the standard specifications 
of the American Society for Testing Materials. 

For the plates.“ flange steel’ was specified, having a tensile strength 
of 55 000 to 65 000 Ib. per sq. in. 


Planing and Drilling Plates. 

“ All caulking edges of plates and of the butt straps shall be bevelled 
slightly by planing. 

“In plates 3 of an inch or less in thickness the rivet holes except for 
butt joints may be punched full size from the faying surface of the plate. 

“ In plates more than ? inch and less than } inch in thickness and for 
butt joints in thinner plates, the rivet holes may be either drilled full size, 
or punched at least 3% inch less in diameter than the finished diameter, and 
drilled or reamed to the finished diameter. 

“‘ Rivet holes in plates } inch in thickness or greater shall be drilled. 

“ The finished diameter of all rivet holes shall not exceed the diameter 


of the rivet to be used by more than #¢ inch.” 


PROPOSALS FOR CONSTRUCTION. 


Bids for the construction of the standpipe were opened April 5, 1921. 
Seven bids were received, as shown in Table 1, the lowest being that of 
the Pittsburgh-Des Moines Steel Company. The estimated weights 
shown were computed by Metcalf & Eddy. It will be noted that the 
estimated price per pound varies from 7.5 cents to 11.4 cents per lb. for 
the steel standpipe erected, including sand blasting and painting, but 
exclusive of the reinforced concrete foundation, which was constructed 
under another contract. 

It is of special interest to compare the proposed thicknesses of plates 
and widths of plates as submitted by the several bidders, inasmuch as the 
bidders were only limited in regard to the minimum and maximum thick- 
ness of plates. The accompanying diagram, Fig. 1, shows the thickness of 
plates on an enlarged scale and the depth below the top of the standpipe 
(equivalent to the depth of water) on a reduced scale. The series of 
stepped lines indicates the thickness and weight of plates proposed by the 
several bidders. The full line shows the design proposed by the Pittsburgh- 
Des Moines Steel Company, the low bidder to whom the contract was 
awarded. 

The diagonal ‘lines indicate the theoretical required thickness for an 
allowable tensile stress of 12.000 lb. per sq. in., and joint efficiencies of 
100, 90, 80 and 70 per cent., respectively. While such a diagram cannot 
be relied upon solely in a study of the strength of the joints, it is of aid in 
indicating the location of the critical joints and in forming judgment as to 
the comparative value of the several bids. 
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STANDPIPE FOUNDATION. 


The drawings and specifications for the reinforced concrete standpipe 
foundation and the valve chamber substructure were also prepared by 
Metcalf & Eddy, and contract for the construction was awarded to Morrell 
Vrooman, Inc., of Gloversville, the lowest bidder. The principal details 
are shown in Fig. 2. 

The foundation consists seanniil of a circumferential wall we con- 
crete, 3 ft. wide and about 7 ft. high, and is entirely in excavation, the only 
fill required being adjacent to the wall at the top, and very small in amount. 
The material excavated was such that no sheeting was required in excava- 
ting the trench for the foundation wall. No forms were used for the wall 
except the upper part on the exterior where they were necessary in order 
to obtain the desired finish. 

The foundation slab, 12 in. in thickness, is reinforced with }4-in. 
round deformed steel bars 12 in. on centers in two directions at right 
angles to each other. 

Over the inlet pipe a small manhole is provided, affording access to 
the joint between the inlet pipe and the bottom plate of the standpipe. 
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VALVE CHAMBER. 


The valve chamber, a plan of which is shown in Fig. 2, houses the 
valves controlling the operation of the standpipe. 

The inlet pipe is divided into three lines where it passes through the 
valve chamber. The first line contains a 12-in. Ross W-R type regulator 
valve, by means of which water is allowed to enter the standpipe up to a 
point a few feet below the top. When it attains this height the regulator 
valve will close, stopping the entrance of water and preventing overflow 
of the standpipe. A gate valve is provided on either side of the regulator 
valve, so that the latter can be removed without throwing the standpipe 
out of service. This line also contains a branch with a gate valve, to 
serve as a drain for emptying the standpipe. 

The second line contains a 16-in. check valve arranged to open out- 
ward, allowing water to leave the standpipe, but preventing the entrance 
of water through this connection. A gate valve is provided on either side 
of the check valve to permit its being removed while the standpipe is in 
service. 

The third line is a by-pass and contains a gate valve. In case of 
damage or interruption of service in either one of the other two lines the 
by-pass can be opened and the standpipe kept in service. 

The piping and valves were furnished and installed by the Water 
Department. 

The connection between the standpipe and the inlet pipe was made 
with a flanged-spigot cast-iron pipe. The flange was bolted to the rein- 
forced steel bottom plate of the standpipe, and the spigot end was set 
into a bend with a lead joint, as shown on Fig. 2. The lead joint provides 
for a slight movement of the bottom of the standpipe without throwing 
undue strain on the inlet pipe. If there should prove to be frequent 
movement of the pipe tending to loosen the joint it can be caulked tight 
since it is conveniently accessible. 

Provision has been made to retain the sediment in the standpipe and 
to prevent it from being washed into the outlet when water is drawn 
from the standpipe, by means of a silt stop built from a piece of 16-in. 
wrought iron pipe with 6 brackets made of 14in. by 1} in. by } in. angles, 
each four inches long, riveted to the sides of the wrought iron pipe, and 
so located that the pipe will extend four inches above the floor of the 
standpipe. This is not fastened in place, but is sufficiently heavy to 
retain its position without being dislocated by the current of water. 


CONSTRUCTION OF STANDPIPE. 


Bids for the construction of the steel standpipe were opened on April 5 
and the contract with the Pittsburgh-Des Moines Steel Company was 
signed on April 8, 1921. It will be seen from Fig. 3, whereon the principal 
design details are given, that the tank is 55 ft. high and has nine courses 
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of 12 plates each, the plates varying in width from 6 ft. 10% in. to 5 ft. 11% in. 
and in thickness from 1 in. at the bottom to #; in. at the top. The rivets 
vary in diameter from 1 in. to in. Typical details are shown on Fig. 4. 

After the reinforced concrete foundation had been completed the 
first shipment of steel plates was delivered (on June 21) and on July 2 
the erection of the bottom plates began. They were assembled, riveted 
together, the angles attached to the circumference, and all joints caulked, 
with the bottom supported on wooden horses three feet above the con- 
crete foundation. Four jack screws were then inserted to support the 
interior plates, and the wooden horses removed. The exterior or periphery 


Puate I. 


of the bottom was supported on blocking in such a way that it could easily 
be lowered by removing one block at a time. This use of blocking, instead 
of jackscrews, around the edge, may at first thought seem objectionable, 
as it permitted the plates to sag as much as 4 in. between the blocks, as one 
after another of the blocks was removed. But as far as could be determined 
no damage to either plates or joints resulted. 

The photograph (Plate I) indicates the general manner of lowering 
the blocking, one man operat*~g each of the four jack screws and other men 
being located around the periphery of’ the bottom to remove the blocks. 
In this way the bottom was lowered on to the foundation within a period 
of about two hours, in a successful manner and without undue strain on 
any of the plates, the gang required consisting of one foreman, seven iron 
workers and three laborers. 

The jack screws above referred to, passed through threaded flanges or 
nuts, riveted to the upper side of the bottom plates (see Plate II). These 
flanges were left in place and the threaded hole closed, upon removal of 
the jack screws, by means of a special screw plug. The lower ends of these 
jack screws were hemispherical in shape and rested on small steel pads 
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set on top of the concrete foundation.. These pads, when the tank bottom 
had been lowered to within 18 in. of the foundation, were removed from 
under the jackscrews so that the latter rested directly upon the concrete. 
This resulted in some movement of the jack screws as the bottom was 
lowered further, and damaged the threads of the screws, but so far as 
could be determined resulted in no damage to the plates. 





Puate II. 


With the exception of the bottom rivets, all of which were driven by 
pneumatic hammers, the riveting up to the sixth course was done by a 
compression riveter, or ‘‘ gap riveter” as it is sometimes called. This 
equipment is shown in Plate III. The caulking was done with pneumatic 
caulking tools, using a round nosed chisel. Above the sixth course, 
pneumatic hammers were used as the plates were thinner and better 
progress could be made in that manner. 

Stagings used during the riveting and caulking processes were supported 
by brackets bolted to the sides of the standpipe, for which provision had 
been made in the fabrication of the plates. The holes for the bracket 
supports were closed later by rivets. The type of staging used is illustrated 
in Fig. 6. The “ dolly bars” use in bucking-up against the rivet head 
were swung from a rope or chain supported by the upper edge of the side 
plates. They weighed about 100 lb. each. For the riveting of the bottom 
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plates the dolly bars were supported by a so-called “ bucking-up stool.” 
This consisted of a plank, one end of which was inserted under the lower 
end of the vertical dolly bar, with a block on the under side of the plank to 
act as a fulerum, and with the operator sitting on the other end of the 
plank, using it as a lever to force the dolly bar up against the rivet head. 





Puate III. 


For the erection of the side plates a structural steel, guyed derrick 
was used, the, mast being about 90 ft. in length and the boom about 80 ft. 
This derrick was erected after the tank bottom had been lowered on to 
the concrete foundation. Its foot was supported on wooden blocking 
resting directly on the tank plates which in turn rested on the concrete 
underneath. The erection of the derrick was accomplished by the use of 
a 60-ft. gin pole made up of two 30 ft. 8 in. x 8 in. timbers spliced with 
2-in. planks. After the erection of the standpipe and before sand blasting 
and painting were begun, the derrick and boom were dismantled and 
hoisted out piece by piece by means of the gin pole. 

After the erection of the sixth course of side plates, but previous to 
the removal of the derrick, grouting operations were commenced, to fill 
the space between the tank.bottom and the concrete foundation. The 














300 DESIGN AND CONSTRUCTION OF GLOVERSVILLE STANDPIPE. 


grout was composed of a mixture of cement, sand, and water in the pro- 
portions of one part by volume of Portland cement to one part of fine 
sand, with only sufficient water to make the mixture flow freely. 

Threaded flanges were provided in each of the plates forming the 
bottom of the standpipe, into which were inserted 2-in. wrought iron 
grouting pipes limited in length to 24 in., in order to avoid undue upward 
pressure upon the bottom plates. Through these grout was poured until 
the space between the bottom of the tank and th concrete foundation was 
filled as completely as possible. Some difficulty was experienced in filling 





Puate IV. 


this space, because of buckling of the plates due in part to the grout pres- 
sure and partly to expansion from the heat of the sun. Some upward 
movement of the center plates may have occurred when the derrick was 
removed, so that it cannot be said that the grouting operation was entirely 
satisfactory. It is believed to be somewhat more satisfactory than the 
sand-cement cushion method of bedding the bottom plates. Neither 
method seems to give ideal results, although both methods have been used 
successfully. It is anticipated, however, that with water in the tank a 
fairly uniform pressure of the structure on the grouted foundation will be 
obtained. Upon completion of the grouting the grout pipes were removed 
and the threaded flange holes closed with screw plugs. 

In the erection of the plates very little work was required to fair the 
holes, — that is, to make the holes match. While drift pins were used to 
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a slight extent and in an unobjectionable manner, it may be said, in fair- 
ness to the contractor, that the layout of the plates was unusually good. 
Practically all of the holes were reamed after the plates were set in place, 
to ensure a good surface for bearing against the rivets. 

The small openings left in the top and bottom of each vertical butt 
joint were closed by driving in steel wedges or “dutchmen” and by 
caulking over the top of the wedge. 

The specifications required that the plates should be given one coat of 
boiled linseed oil, before leaving the shop. The contractor, however, 
was allowed to omit the oiling of the plates except on the laps, since it was 
believed that the slight rusting which would occur in the body of the plate 
would aid in softening the mill scale and facilitate the sand blasting. 
Very little rust formed on the plates before they were painted, so it was 
difficult to determine whether the omission of the oiling aided the sand 
blasting or not. 


Sand Blasting. 

Before the first coat of paint was applied the surface of each plate 
was thoroughly cleaned with the sand blast, using a local sand which was 
discharged through a nozzle with air pressure from a sand atomizer. By 
this means all loose scale and rust were removed. The first coat of paint 
was applied immediately after the sand blasting had been completed and 
before the cleaned surface had an opportunity to rust. Both sand blasting 
and painting were done from a staging suspended from trolleys supported 
by the Z-bar attached to the top of the tank. 


Painting. 

The inside and outside of the standpipe were given three coats of paint 
mixed according to the following formule: 

For interior of standpipe: 


First coat — 100 pounds paste red lead, 2 gallons pure boiled linseed oil, 8 pounds 
fine litharge mixed in 1 pint raw linseed oil and 1 quart turpentine. 

Second coat — Same as above, with the addition of ? pound of paste lamp black. 

Third coat — 100 pounds paste red lead, 4 pounds paste lamp black, 2.25 gallons 
boiled linseed oil, 8 pounds fine litharge mixed in 1 pint raw linseed oil and 1 quart 
turpentine. 


For exterior of standpipe: 


First coat — 100 pounds paste red lead, 2.5 gallons raw linseed oil, 1.5 pints 
turpentine, 1.5 pints drier. 

Second coat — Same as above with the addition of ? pounds of paste lamp biack. 

Third coat — (Dark green) 100 pounds paste red lead, 12} pounds paste chrome 
yellow, medium, 74 pounds paste Prussian blue, 4.54 gallons of raw linseed oil, 1 pint 
turpentine, 1 pint drier. 
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erected the tank. 
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Paint materials were received on the work in the original packages 
and mixed at the site of thework. During the painting operations one man - 
was continuously employed in keeping the paint in the stock barrel 
thoroughly mixed. 
Both sand blasting and painting were done by the iron workers who 


TABLE 2: 
Progress Data. 
Date Elapsed 
1921. Time. 
STANDPIPE: 

ME TaN igs labs w hilary a deh er dis ae gg bp 0 eR 

35 days 
I To ee ag eee ue ce bee woe April 5 . 

3 days 

Comrert mane is 88s SC ee April 8 
29 days 

Shon drawings received... 0.2. ek oes May 7 
7 days 

(Steel received at shop about..................... May 12) 

Shop drawings approved*....................2220005- May 14 
38 days 

First steel shipment arrived........................-. June 21 
11 days 

GC MORON se ec ae te ee eee) ae cia July 2 
19 days 

Peary WOR o's a cl SV saint ick AR July 21 
34 days 

Memeo COIN SoS SR ee eed Aug. 24 
23 days 

Sand blasting and painting completed................. Sept. 16 
Total time from signing of contract................... 161 days 
CE mmtraet maroneannt 8.5 os ie oc ee aes 150 days) 

FOUNDATION: 

Se ECE LETT CER eae aoe MON: Ope March 1 
35 days 

ESS SESS a ee PRES AREA NETREGS poy crore areas April 5 
3 days 

ee ES OEE EERIE TRELLIS PTE April 8 
25 days 

ME INEM Sg eos oes bares eae pease May 3 
3 days 

Dennen MaRS oe BO ics. as RS May 6 
14 days 

Moumatonceomplnted’® oo. 3.6 jc ha ethic one BAS May 20 
Total time from signing of contract.................... 42 days 


(Contract required completion of this part of the 
work on or before June 1, 1921.) 





+ Steel ordered soon after. 
* Fabrication started soon after this. 


** Except for grading and granolithic walk, which were completed after standpipe was erected. 
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Testing. 


After the erection had been completed the tank was filled with water, 
for testing. 'The amount of leakage was found to be very slight, which fact 
reflects much credit upon the thorough manner in which the erection work 
was performed. A few seams required a little caulking and a few rivets 
which showed small leaks were touched up with the caulking tool. One 
rivet which was broken was cut out and replaced. 

The time required for the various parts of the work are indicated in 
the progress table (Table 2). It will be noticed that the total time 
required for completing the steel standpipe contract, including sand 
blasting and painting, from the date on which the contract was signed, 
was 161 days. The time limit specified in the contract was 150 days. 
A delay of several days was caused by breakdown of the air compressing 
plant. 


Cost oF STANDPIPE. 


The cost of the standpipe, classified under certain general headings, 
is given in Table 3. The total cost of the structure, including foundations, 
sand blasting and painting, valve chamber and piping, but excluding 
engineering, administration, cost of land and fencing, is $35 015.80, equi- 
valent to $30 000 per million gal. of capacity. The fencing, constructed by 
the Cyclone Fence Company, 8 ft. in height with three strands of barbed 
wire on the top, cost about $1.55 per linear foot, erected. This sum in- 
cludes two swinging gates. The above cost figures do not include the cost 
of the small trees, which were set out by the Water Department. These 
were obtained from the nursery maintained by the Department, which 
for a number of years has made a practice of systematic planting on the 
watersheds and other lands in its charge. In this and other ways Mr. 
Orr has shown wise management in the handling of many perplexing 
problems in connection with the operation of the water works. 

It is a pleasure to commend the conscientious manner in which the 
construction of this structure was supervised by the resident engineer, 
Mr. Fred W. Carlson, to whom the writer is indebted for much of the 
information relating to the construction work. 

The work of the contractor, also, deserves commendation, as it was 
evident from the start that not only those in authority in the company, 
but also the erecting crew, intended to do first-class work in strict ac- 
cordance with the specifications. The shearing of the plates, the alignment 
of the joints, the forming of the rivet heads, the caulking and all of the 
mechanical operations, were extremely well done. 
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TABLE 3. 


GLOVERSVILLE, N. Y. 
COST OF SOUTH EAGLE STREET STANDPIPE, FOUNDATION, AND CONNECTION WITH 
MAINS. BUILT IN THE SUMMER OF 1921. 


Tot. wt. 331,000 lb.; aero cost per Ib. 7.5c. 





Standpipe contract (Pittsburgh-Des Moines Paes occu oe ee $24 940.00 
Foundation, gate chamber, 12” vitrified pipe, blow-off and grading........ 6 609.20 
Castings: 

4 16"x 12" Y br:; 3.877 Ibe. @ 083% . 2. $329.55 

ee AR A Bie, BAG Beso ienis sick ae eh cea 

Rc Se RE PUPS, oo ke Sa eee 

4 12” 45° bend, 2416 lbs. @ .07%................ 181.20 

1 16°F &S p. 4 feet, 4 inches, 815 lbs., @ .0914..... 75.39 

2 16°F &S p. 24 inches, 651 Ibs. ee NE as a 66.73 775.48 

2 12°F &Sp. 3 feet, 540 lbs. @ 104... 55.35/ 

1 12°F &S p. 2 feet, 7 inches, 262 lbs. @ .1014 .... 26.86 

1 12°F &Sp. 12 inches, 121 lbs. @.10%......... 12.40 

Manhole casting and cover........................ 16.00 

SUOMI osc Soe oars a oS RIE C Ua ee en ee 12.00 
Gate valves, etc.: 

2 16” fig. gates @ 153.00............. By ieee ie a 306.00 

3 12” fig. aaa MEN sooo oy os Ka eo aR OG 243.00 

Rr ae I Se eu, ee eee 60.00 1 305.62 

1 16’ ck.v ig “2S AL A: Berne OSB Ag Nk BOGS ee se 143.10 

Syije op 2” aca aia a ace tee eg nate apa 143.00 

SA em eae ete ok. ne eee 410.52 
Connecting gate chamber with main in street and gate chamber with standpipe 

36’ 16” c. i. p., 3 900 Ibs. @ 64.00 .................. $124.80 

1,16". eleeve, 280 Ibs. @ 0736 ..... 2. et. 21.001 180.40 

eee as 34.60. 
Labor account, $107.50, $144.00, $69.00...............0 000.02 e eee, 320.50 
rae ae eg Sis ba gc oe a wks sia Mighbis cams ee ean 34.60 
Gate House (of tapestry brick with nt} joints, 11’ 4” x 12’ 4” plan, by 

about 10’ high (approx. $0.60 per c.f.)..........0.. 0000. c ee eee eee 850.00 

Capacity of Standpipe 1 163 Die ne ios eS CG ic, eG age, 
Total cost per m.g. excl. eng’g., <n Ra land and fencing........ 30 000.00 

MN erg oe eran rete is Sipe ag ai hierar Wg by ee se $35 015.80 


DIscussION. 


Mr. A. 0. Doane.* The Metropolitan District Commission has just 
awarded a contract for a steel tank to be built at Arlington Heights which 
will be 61 ft. high and 75 ft. in diameter. We have had several stand 
pipes built since the work commenced, and have tried various methods of 
designing. In the previous ones the policy had been of designing the 
standpipe complete; that is, giving the size and location of the rivets and 
all other details. 

In this particular instance we have done very much the same as 
Metcalf & Eddy, the difference being simply in the matter of detail rather 
than in the matter of principle, largely from the same considerations that 
Mr. Marston mentioned, of allowing a reasonable and proper latitude to 





* Divisioa Engineer Metropolitan Water Works. 
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the contractor in selecting his height of plates and in the general detail of 
carrying on the work, and at the same time making sure that the stand- 
pipe will have the desired strength. 

In this case, instead of specifying a maximum allowable stress of 
12 000 Ibs. per sq. in. of net section in the steel plates, we have given a net 
formula which takes into consideration the efficiency of the joints, — the 
joint to be designed by the contractor with certain limitations and checked 
up by the engineer. In the case of any of the vertical joints the strength 
of the joint must be at least 43 times as great as the bursting pressure at 
the bottom of the joint. It was specified that all joints should be of the 
butt type, with inner and outer cover plates; but there was no limitation 
made as to the number of rows of rivets in the vertical joints. It was also 
specified that no matter how the formula worked out, no side plate should 
be less than 2 in. in thickness. ‘The bottom plates of the standpipe must 
be not less than ? in. in thickness. The general detail of the standpipe 
was not very much different from the one shown here, except that the 
circumferential seams were single instead of double riveted. 

The bids that we received seemed to show that there was a pretty 
general agreement amongst the bidders in the matter of the thickness of 
plates proposed in the different bids. The efficiency of the joints pro-. 
posed by the successful bidder was checked over and found to be correct. 

The specifications provided that the water pressure governing the 
designs of any course of side plate should be taken at the bottom of the 
course. The depth of water assumed to be in the tank, and the pressure 
per foot in depth, were also given. 

The principal point of difference between the specifications that Mr. 
Marston mentioned and the Metropolitan specifications was in following 
the provisions of the boiler rules rather than the structural practice of 
giving the allowable stresses. As no construction work has been done we 
cannot tell exactly how this method of specifying will work out, but from 
the way the bids were received and the general agreement amongst different 
bidders it seeme to have worked out pretty well in this particular instance; 
and it has the advantage that Mr. Marston mentioned of probably pro- 
ducing a somewhat less cost than if we tried to go into minute detail and 
tying the contractor up in all sorts of ways, though that is impossible to 
tell, especially under the present conditions of business when many con- 
tractors seem willing to sacrifice profits in order to keep their works running. 

Mr. CHartes W. SHERMAN.* What were the bids, Mr. Doane? 
What was the accepted bid? 

Mr. Doane. There were eight bids ranging from $29 737 to $49 820; 
the price bid included taking down and disposing of an existing standpipe, 
60 ft. high and 40 ft. in diameter. 

Mr. SHERMAN. How does that work out on the pound basis, — do 
you know? 





* Of Metcalf & Eddy, Boston, Mass. 
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Mr. Doane. It is almost exactly five cents a pound for the lowest 
bidder. 

Mr. SHerMaNn. Is that standpipe to be enclosed in a tower? 

Mr. Doane. Yes, the standpipe is to be enclosed in a masonry 
tower, so that we were not so much concerned with the effect of severe 
weather and severe winds, though from our experience with other tanks 
and from other people’s experience, we feel that the tank is so constructed 
that it will take a violent wind to effect it. The capacity is about 2 000 000 
gallons. 

We also plan to have the tank in this case lowered onto a sand and 
cement cushion instead of using the grouting process. I have personally 
tried both ways and I rather lean to the sand and cement method, though 
each has its advantages and very decided disadvantages. I do not 
think there is any entirely satisfactory way of supporting the bottom 
plates on the foundation. 

Mr. G. A. Sampson.* What was the price on the Gloversville and 
East Chicago standpipes for sand blasting and painting? 

Mr. Marston. The Gloversville was 7} cents per pound, including 
sand blasting and painting; the East Chicago was 63 cents including sand 
blasting and painting. I think Mr. Doane said 5 cents a pound did not 
‘include sand blasting and painting. 

Mr. Doane. No, that does not include sand blasting and painting, 
but I think the sand blasting and painting would be around a half cent or a 
little more. 

Mr. Reeves J. Newsom.t How long is it expected that the paint 
will last? 

Mr. Doane. I can perhaps throw some light on that. From our 
experience with painting that has been thoroughly done, I should say 
it ought to last five or six years anyway, and does actually last that. A 
smaller tank that I know of, which has one layer of Gilsonite paint over 
the red lead, and is enclosed in a building, was painted ten years ago and 
it is not at all in bad shape now. Ice, of course, makes a great deal of 
difference, — also exposure to the weather. If you have ice going up 
and down it will scrape any kind of paint off. 





* Of Weston & Sampson, Boston, Mass, 
+ Water Commissioner, Lynn, Mass. 
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RELATIVE TO THE REPORT OF THE AMERICAN 
COMMITTEE ON ELECTROLYSIS 


The American Committee on Electrolysis has just issued its 1921 
report, superseding -its preliminary report of 1916. This report embodies 
such statements of facts and descriptions, and discussions of methods of 
electrolysis testing and electrolysis mitigation as the members of the com- 
mittee have been able thus far to agree upon unanimously. In the preface, 
signed by Bion J. Armold, Chairman of the Committee, the following 
statement is made: 


“While this report supersedes the preliminary report of 1916, it 
should, unless the principals see fit to discontinue the work of the main 
committee, be considered as in the nature of a progress report and not as 
final, as it is impossible at the present time to answer finally many of the 
outstanding questions involved. Also it is to be understood that the report 
is confined to the technical and engineering aspects of the subject and does 
not attempt to deal with matters of policy or with legal questions, such 
as the rights and responsibilities of the several interests concerned.” 


The report comprises five chapters. Chapter One sets forth princi- 
ples and definitions. Chapter Two is devoted to a detailed discussion of 
design, construction, operation, and maintenance of railways and under- 
ground structures affected by electrolysis, and to a discussion of questions 
involving the interconnection of affected structures and railways, ending 
with a summary of good practice. Chapter Three gives a discussion of 
the fundamentals of the whole question of electrolysis surveys, their 
purpose, scope, possibilities and interpretation, and also a discussion of 
the instruments suitable for electrolysis testing. Chapter Four is devoted 
to an analysis of present European practice relating to electrolysis mitiga- 
tion. In Chapter Five the committee outlines certain researches which 
it deems necessary to have carried out in order to make it possible to reach 
a final solution of some of the fundamental questions pertaining to elec- 
trolysis mitigation. 

The American Committee on Electrolysis which prepared this report 
is a joint committee having three representatives from each of the following 
organizations: 


American Institute of Electrical Engineers. 
American Electric Railway Association. 
American Gas Association. 

American Railway Engineering Association. 
American Telephone and Telegraph Company. 
American Water Works Association. 
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National Electric Light Association. 
Natural Gas Association of America. 
National Bureau of Standards. 


Arrangements have been made for placing this report on sale by the 
American Institute of Electrical Engineers, 33 West 39th Street, New York, 
N. Y. The price is one dollar per copy. 


November 25, 1921. 


(This statement forwarded by Atrrep D. Finn, a representative of 
American Water Works Association.) 
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CEMENT JOINTS FOR CAST-IRON WATER MAINS. 


D. D. CLarKr* 
(Ry letter.) 


In the JournaL for March, 1922, under the heading “ Pipe Joint 
Compounds,” there appears a discussion which took place September 14, 
1921 upon the relative merits of the compounds called leadite, — hydro- 
tite ete., participated in by a number of water works superintendents and 
engineers. 

Without exception the speakers confined their remarks to their ex- 
perience in the use of leadite or hydro-tite as a substitute for the poured 
lead joint for cast-iron pipe, long in customary use. 

In no case, however, was mention made of the use of cement as a 
substitute for lead in its various forms or combinations, and it therefore 
occurs to the writer that a statement of the experience of the Portland, 
Oregon Water Department in the caulking of water-pipe joints with cement 
might make an interesting addition to the discussion. 

Prior to the year 1915, poured lead joints were the only kind in general 
use for cast-iron water mains in this city. Lead wool had been used to a 
limited extent for under water work, and leadite had been experimented 
with in a small way; but the poured lead joint was the main dependence 
for pipe-joint work. In December of that year, 1915, there came to the 
notice of the writer, then engineer of the Water Bureau, articles in the 
Engineering News— (November 25 and December 30, 1915) calling 
attention to the experience of Wm. Mulholland, Chief Engineer of the 
Bureau of Water Works of Los Angeles, Calif., in the use of cement for 
cast-iron pipe joints in that city. Mr. Mulholland in his letter called 
attention to the issue of the News for December 8, 1904, which contained a 
letter from the late James D. Schuyler, Consulting Engineer of Los Angeles 
upon the same subject. 

An examination of these papers, and the favorable results secured at 
Los Angeles, caused the writer to recommend the adoption of similar 
materials and methods in this city. First, the laying of an experimental 
line of 1 000 ft. of 8-in. pipe, which proved to be so successful that other 
lines speedily followed until at the present time, as I am informed by Chief 
Engineer F. W. Randlett of the Water Bureau, practically no other caulk- 
ing material than cement is used, except in special cases where the main 
must be put into use before the expiration of the 48-hour period necessary 
for the proper setting of the cement joint. 


* Consulting Water Supply Engineer, Portland, Ore. 
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The method of preparing the cement and filling the joint. adopted here 
is practically the same as that. used in Los Angeles, viz., First quality 
medium setting cement is used, mixed so dry that the impress of the hand 
will be left upon a small ball which will crumble when let fall from the 
height of twelve inches. The pipe should be laid upon a firm foundation; 
the spacing of the spigot in the bell may be effected by placing a small bit 
of lead under it. A small bit of yarn should be used, just sufficient to 
keep the cement from entering the pipe. After filling the bell with cement 
it is thoroughly compacted with a yarning iron, by hand. This will have 
to be repeated two or three times before the face of the joint can be properly 
smoothed and rounded. 

To the present time there have been laid in this city approximately 
27.8 miles of 4-in., 6-in., 8-in., 10-in., 12-in., and 16-in. pipe with cement 
joints. In addition to the foregoing, approximately 4000 ft. of 24-in. 
and 30-in. pipe has been taken up and relaid with cement joints during the 
progress of “‘ grade crossing ”’ elimination work. 

When the first line of 8-in. pipe was laid in 1916, minute leaks occurred 
which were entirely taken up in a few weeks time. In relaying the 30-in. 
pipe mentioned above it was placed in a concrete lined tunnel which 
afforded an opportunity of observing the leakage. When the pressure was 
turned on the 500 or more feet of 30-in. pipe in the tunnel section, the 
leakage was very considerable. After draining the water from the tunnel 
two or three times the leakage was noticed to be decreasing and at the end 
of six months had stopped entirely and all the joints have since remained 
tight. 

At a later date it became necessary to raise 100 ft. of 16-in. pipe which 
had been laid with cement joints. This pipe was raised approximately 
4 ft. under full working pressure of about 70 lb. without any leaks resulting. 

Prior to the general use of cement as a jointing material, as indicated 
above, the Department instituted a series of tests to determine the degree 
of flexibility in the joints of cast-iron pipe when laid with joints of neat 
cement, leadite or pig lead. These tests were described by Mr. Randlett 
in a contribution to the discussion of a paper upon ‘‘ Cement Joints for 
Cast-Iron Water Mains ’’, by Clark H. Shaw, Associate Member American 
Society of Civil Engineers, printed in Transactions American Society of 
Civil Engineers, Vol. 83, page 277. Mr. Randlett concludes from these - 
tests, ‘that for all ordinary mains cement joints are superior to either 
lead or leadite,”’ and his later experience has confirmed this opinion. 
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PROCEEDINGS. 


FEBRUARY MEETING. 
Boston City CLvus, 
Boston, February 14, 1922. 
The President, Mr. Frank A. Barbour, in the chair. 


Karl R. Kennison, civil and hydraulic engineer, Boston, F. W. 
Scheidenhelm, hydraulic engineer, New York City, and Egbert D. Case, 
hydraulic engineer, New York City, were duly elected members of the 
Association. 

THE PresipENT. I recognize that this large audience has come out 
for a definite purpose, to hear the speaker of the afternoon, Mr. Goodnough. 
We have, however, a matter of some importance which it is necessary to 
bring to your attention. With the notice of this meeting the prospectus 
of the proposed Affiliation of Technical Societies was sent out to you. 
This proposed Affiliation is the result of a long series of informal meetings 
by representatives of different societies. It has reached the point now 
where the local sections of the American Institute of Electrical Engineers, 
the American Society of Mechanical Engineers, the American Society of 
Civil Engineers, the American Institute of Mining and Metallurgical 
Engineers, the American Society of Heating and Ventilating Engineers, 
and the American Association of Engineers, have voted in favor of this 
Affiliation. The matter comes up to the Boston Society of Engineers 
to-morrow night. : 

It has been contemplated from the beginning that the New England 
Water Works Association would become a member of this Affiliation. 
Some weeks ago your Executive Committee voted in favor of the principle. 
That did not commit the Society; it only gave us grounds for going forward 
with the movement. 

The scheme is that an affiliation of societies shall be formed — not of 
individual members, but a grouping of societies; that this Affiliation will 
take over the present headquarters of the Boston Society of Engineers; 
that the Affiliation will be governed by councillors, two elected from each 
Society. If the New England Water Works Association joins there will 
be two councillors elected from this body who will sit on this council which 
has the control of the Affiliation. It is proposed that they shall take over 
the premises of the Boston Society, that they shall install a permanent 
secretary, that that secretary shall have secretarial assistants, one of whom 
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will probably be the present assistant secretary of the New England Water 
Works Association. This movement has nothing to do whatever with the 
identity of this Association. We go forward with our own work just as we 
are doing to-day; it is merely a grouping of societies for headquarters 
purposes. 

This movement has been the result of some twenty years of dreaming. 
When the Engineers’ Club was started it was hoped that it might be 
founded by a group of technical societies. We have sometimes thought 
we would have a building of our own or we would take the upper floor of 
some building under construction. This movement is based on taking 
what we have got — the headquarters of the Boston Society, and starting 
with that, with the hope that it will lead to something bigger in the very 
near future. There is reason to expect that the membership will run up 
to three thousand at the very beginning and there is a possibility of five 
thousand sooner or later. 

At the meeting of the Executive Committee this morning the following 
vote was passed: 


“ Votep:— That the Executive Committee recommend that The New 
England Water Works Association approve the purpose and general 
provisions of the Constitution of the Affiliation of Technical Societies of 
Boston submitted with the notice of the meeting of February 14, 1922, and 
that the Executive Committee be directed to appoint a suitable committee 
to represent the Association empowered to consummate the formation of 
said Affiliation, to prepare the constitution and by-laws, and to negotiate 
the necessary working agreement to govern the relations, rights and obli- 
gations of the Affiliation and The New England Water Works Association.” 


With this brief introduction, gentlemen, the subject is open for 


discussion. 

Mr. Leonarp Metcatr. Mr. President, I have a resolution that I 
would like to offer at this time, which was prepared by Mr. Sherman and 
myself, which would put into effect the idea which Mr. Barbour has so 
clearly outlined to you. I will read the motion first, and then I would like 
to say just a word in support of it, if I may, without taking much of your 
time: 

‘WHEREAS, a committee of representatives of various technica! 
societies, or sections of societies in greater Boston having an aggregate 
membership of over 3 500, have outlined a plan for an alliance under the 
name of The Affiliated Technical Societies of Boston, and ‘ : 

“ WHEREAS, closer codperation between technically trained men in 
the water works and engineering fields is desirable, to make more effective 
their influence in public matters, to broaden information, interest, and 
acquaintanceship; and 

‘‘ WuErEAs, the past advantages obtained by codrdination of effort, 
avoidance of duplication, maintenance of a common headquarters, etc., 
have been of much value to this Association; and 
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“ WHEREAS, the proposed affiliation is in effect a further extension of 
the codperation that has obtained for many years between this Association 
and the Boston Society of Civil Engineers; now, therefore, 

“Br ir REsouvep, that the New England Water Works Association 
approves the purpose and principle of the proposed affiliation and authori- 
zes its Executive Committee to determine after careful investigation 
whether or not this Association shall join said affiliation, and if the de- 
cision shall be favorable, to appoint two representatives of this Association 
with power to act for this Association upon the Council or other <epre- 
sentative body of the affiliation.” 


The war has served to bring home to engineers and to men such as 
are here to-day the country over—the water works men, the electric light 
men, the gas men and men in public utilities generally, technically trained 
men in general — that they might exercise a much larger influence for the 
public good if they were more closely tied together. We have felt that 
need in this city ourselves within the last year or two in certain measures 
that have come before the Legislature that seemed unwise legislation to 
water works men. It would have been helpful at that time if we could on 
short notice have called together technically trained men who would see 
the point at issue quickly and could have helped to formulate public 
opinion. This measure would help in just that sort of contingency. The 
plan has been tried out in a number of cities in this country — in Phila- 
delphia, in Chicago, where during the war it was of tremendous advantage 
to the government; in Los Angeles and in many other cities it has worked 
well. In some cases it has been developed in a way to make possible certain 
club features, making it possible to have dinners in advance of the meeting. 
In other cases it has been simply a tying together of the various organizi- 
tions. There is the further fact, faced not only by associations of this 
sort but by small clubs, the country over, that expenses have increased so 
enormously that they have become very burdensome, and it looks almost 
as if many of our small societies and clubs were doomed. The only method 
of meeting the difficulty seems to be in some form of codperation or consoli- 
dation. Now this organization has been set up on a basis of codperation 
rather than consolidation, with the belief that while these different groups, 
such as this one, will prefer to continue to get together as a group, they may 
yet enjoy the advantage of combination and may occasionally like to get 
together with the other groups with a view to broadening acquaintance- 
ship. The Boston Society of Civil Engineers faces this year a deficit of 
over $2000. Its expenses to-day and next year will be greater, not only 
than its income under present dues, but than its income plus the income on 
its permanent fund; therefore it means a curtailment of activities involving 
financial support in order to meet the situation unless some such plan 
can be adopted. © 

This organization has felt the financial burdens. Therefore it seems 
the sensible thing to do — it has seemed so to many men the country over— 
to get together in such a way as this, so that the cost of maintaining the 
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necessary facilities that we all want will be reduced to a minimum, so that 
our power for good may increase without loss in identity of the organiza- 
tion or indeed of its independence. The effect upon the dues, I think, will 
not be material. Whether it will involve a little increase at first or not, 
Iam notsure. I think it may involve a slight increase, but it will be small. 
It may well be possible to carry it without any increase. Within a few 
years I have no question that it will involve either a decrease or a very 
distinct improvement in the facilities open to members. I am confident 
that looking forward for a longer period of years, we shall find it possible 
with a larger group of four or five or six thousand members to have joint 
facilities such as are enjoyed in this club, — I won’t say on so large a scale, 
but I mean, where men of our interest can get together and do their work 
satisfactorily and cheaply. Therefore it seems to me that it is highly 
desirable that this association should join with others in making possible 
the saving of expense to all of the organizations and in giving greater 
influence to the work which engineers may undertake. I see no serious 
disadvantages; I see very distinct possibilities in the movement, and 
therefore I hope it will prevail. I thank you for your attention. 

Mr. Davip A. HerrerNAN. There is one thing which as a member of 
the Executive Committee and a superintendent I wish Mr. Metcalf would 
make a little clearer. This proposition will probably be misjudged on the 
part of some of the superintendents, who may feel that it involves losing 
the identity of the New England Water Works Association. This Associa- 
tion was formed years ago by superintendents. Now the superintendents 
here to-day might possibly misconstrue this matter, and if Mr. Metcalf 
would go into it from the superintendents’ point of view to impress them 
that there will be no material change, I think they will go away better 
satisfied. 

Mr. Metcaur. Mr. President, I am very glad to say a word along 
that line. As I see the movement, the intention of the movement and 
what I believe will result,it makes absolutely no change in this organization 
in your methods of doing business except as to detail, or in the way in which 
you will run this Society. We should have, as we have to-day, headquarters. 
We should have at those headquarters probably a managing secretary 
who will take care of the work of the Affiliation. That secretary will send 
out the notices upon request of the secretary of any one of these societies, 
so that the clerical force of the Affiliation may do certain detailed work. 
The library facilities will be maintained in common as they are to-day. 
They will be bettered by the fact that other organizations than our own 
will add their libraries to our library. An employment bureau will be run 
for the Affiliation for the benefit of all concerned — not this group or the 
Mechanicals or the Civils, but of all men. That is the cheapest way to do 
it. The elections of this Society and the procedure in regard to all business 
matters will be just as independent undert he future conditions as to-day. 
It would merely mean that we would have a central council to which we 
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would make appeal when questions ef importance to water works men were 
to come up before the Legislature or elsewhere and the assistance of the 
Affiliation as a whole through its Council would be invoked at those times. 
On matters touching the public good as to which we could advise with ad- 
vantage to the public, that advice would be given again through the Council 
through our representatives on the Council, who would take part in its 
deliberations and be the direct agency by which that work would be done. 
So that as I see it you sacrifice nothing in your independence; the Society, 
I should hope and of course I believe, will continue to be run by water works 
men, by superintendents, not by the engineers. No one organization will 
run the Affiliation; no group of men will run the Affiliation. The central 
organization does the work simply for the public good and the essential busi- 
ness that we all want to get rid of. The individual work of the individual 
society will still be run by its own officers. The individual societies will 
still have their presidents, their secretaries, whatever staff they wish to 
maintain independent of the Affiliation. But it is only in those matters 
as to which economy can be effected by joint use, by joint publications 
and so on, that we expect to benefit. 

Now a word in regard to publication. At the present time, as far as 
the understanding has gone, it has been that all of these societies would 
save expense in publication of notices by having the notices go out at stated 
periods. That notice might be as it is with certain groups of societies 
to-day, a long list on which the meetings of A Society will be held, B Society, 
C Society, the different groups. The mailing would be done through the 
central office. In that way you would save a substantial amount of money 
in the clerical work of getting those notices out and in the cost of printing. 
Personally I believe that finally the Affiliation may well publish a journal 
to embody the important papers of the various organizations. That 
matter is wholly in the air; it has not been broached in the discussions of 
the men who have been particularly interested in the possibilities of this 
movement, so that that question will be decided later on by the Council 
with the approval of the societies affected. If this organization still wished 
to publish its own independent journal it would go on doing so. The 
Affiliation cannot of course say that it shall not do so; it cannot force it 
to support the other measures; but I believe it would be advantageous to the 
members of this Association if it were possible in the future to have the 
publications in one volume so that you would have the advantage of the 
interesting papers which are published by the Mechanicals, the Electri- 
eals, by the men of other groups as well as your own. But that is wholly 
in the air. 

I do believe sincerely that this Affiliation will broaden the opportuni- 
ties for men who are members of this organization. There will be under 
the plan as contemplated no overlapping dues. If a man is a member of 
three or four or five different organizations, as a number of the men in 
this hall are, the dues will be paid but once to the Affiliation. That is 
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one of the things which must and will be adjusted undoubtedly. Have 


I answered all your questions? 


Mr. HerrerNan. Yes. 
Tue Presmpent. Any other questions? Mr. Metcalf has made a 


motion that the New England Water Works Association approves the 
purpose and principle of the proposed Affiliation and authorizes its Execu- 
tive Committee to determine, after careful investigation, whether or not 
this Association shall join said Affiliation, and if the decision shall be 
favorable, to appoint two representatives of this Association with power 
to act for this Association upon the Council or other representative body 
of the Affiliation. Is the motion seconded? 


[The motion was seconded. | 
Mr. Henry V. Macksey. In the circular sent out with regard to 


the Affiliation, there was a statement that the assessment on the various 
associations entering would not be more than $3 per year per member. 
Three dollars per year per member is not a large amount of money and we 
know that we do get some benefit from our present connection with the 
Boston Society of Civil Engineers and that we have had that benefit for 
years. We have not paid a great price for it and we ought to be willing to 
help them if their financial load is becoming too heavy to bear. It seems 
to me that we should consider whether, if we are called upon to pay $3 
per year to the Affiliation, we would have enough remaining to carry on 
our own work and our own activities without materially increasing our 
dues. Many of us are paying dues to a number of societies and the total 
is a considerable sum. Would it not be well for us to consider the financial 
side more closely before our committee binds us by this agreement? We 


-can very easily go in and while it may be easy to drop out again it could 


not be done gracefully. If we go in we must stick and carry through. 
What are we to gain at present other than that we will be in touch with 
other societies when we desire to take part in a public movement and that 
we will have a little more privilege in the apartments that we now occupy? 
The financial side should be presented more definitely, because, as Mr. 
Metcalf has said, it will not reduce our running expenses; in fact, will 
increase them. We cannot increase our running expenses without increas- 
ing our dues. There are many of us who believe that our own JOURNAL 
dealing only with water works matter is fully as useful if not more useful 
than one in which the best of our papers are incorporated with papers that 


are interesting to mechanical engineers, electrical engineers, gas engineers __ 


and others with whom we have no close business or professional connection 
and whose papers would be of no interest and perhaps go over the heads of 


many of our members. 
THE Presipent. I am glad Mr. Macksey has raised this question, 


because I think it is one that ought to be considered by the members 


before they vote on this proposition. While a definite statement cannot J 


now be presented as to the cost to this Association of entering the Affilia- 
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tion, I ean perhaps make an approximate statement which will leave the 
members content to give the Executive Committee power to act in this 
matter. 

The assessment payable to the Affiliated Technical Societies will 
cover the cost of rent, of clerical services at headquarters, of printing and 
mailing notices, and of such other items which now altogether cost — under 
our present arrangement — somewhat under $3.00 per member. The 
prospectus of the proposed Affiliation states that the assessment shall not 
exceed $3.00 per member and — assuming this to be the figure finally 
adopted and that for this assessment we shall be housed and furnished 
services by the Affiliation, which now cost us but little less than $3.00 per 
member, it follows that the final cost to us will be about the same as at 
present, and it is, therefore, from present information not anticipated that 
any increase in dues will be necessary. 

I assume that the Executive Committee — if authorized to act for 
the Association in this question — will carefully analyze the expense 
involved before deciding to enter the Affiliation, and knowing, of course, 
that the dues cannot be increased without vote of the Association and an 
amendment of the Constitution, will make their arrangements accordingly. 

Mr. Patrick Gear. Mr. President, if there is any superintendent 
here listening to this argument, I don’t want him to go out of the hall 
by and by and say, “ Well, it is too bad that we affiliate and become a small 
toad in a big puddle instead of being a big toad in a small puddle, as we 
are now.” I am in favor of the Affiliation, but I don’t want any superin- 
tendent to come around to me by and by and say, “‘ Well, why did you 
allow that to go through in the Executive Committee?” I am in favor of © 
it; I think it is a good thing. If we are affiliated with those men it will be 
a big help to us. We can make lots of acquaintances. I can go home and 
say, “I met a lot of big fellows in Boston; I was talking to them.” 
|Laughter|] If anybody has any fault to find, now is the time to find it. 

Mr. Mercatr. May I say just one word? I am in sympathy with 
Mr. Macksey’s viewpoint in regard to facing the question of finance. 
It is a perfectly proper question. The approximate rough analysis which 
I made of the expenses indicated that probably the increase in dues at the 
present time would be likely to be less than fifty cents, or somewhere 
about that figure. And as I said before, ultimately, and perhaps imme- 
diately, there would be a decrease. It was for that reason that I stated 
that it did not seem to me that it was likely to make any material difference 
to anybody in this organization in a financial way. So far as the publi- 
cation is concerned, that, as I stated before, is a matter for the future. 
It is not involved in the present discussion. We have that and will still 
have that in our own hands. 

Tue PresipENT. Those in favor of this motion will please say Aye. 
[General response.}| Opposed, No. [No response.| The motion is 
unanimously carried. [Adjourned.| 
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SAMUEL EVERETT TINKHAM. 


SaMUEL Everett TINKHAM, who died on April 21, 1921, was born in 
Taunton, Massachusetts, on March 31, 1852. After attending the public 
schools and receiving additional instruction by a private tutor, he entered 
the newly established Massachusetts Institute of Technology, from which he 
was graduated in 1873 with the degree of Bachelor of Science in Civil 
Engineering. This was the sixth class to be graduated from this institution 
and he was, therefore, one of its earliest graduates. 

After graduation, he served for a year as assistant in the Corps of 
Engineers of the United States Army, being employed on harbor improve- 
ment work in Edgartown, Massachusetts. In October 1874, he entered 
the engineering service of the City of Boston, with which he was continu- 
ously connected up to the time of his death except from 1882 to 1884 when 
he served as assistant engineer on the New York and New England Railroad 
in charge of the design and construction of bridges for the double tracking 
of that road. His services for the city prior to 1882 consisted chiefly of 
bridge engineering, although his duties also included work on the Boston 
Main Drainage System particularly in connection with the design and 
construction of the Calf Pasture Pumping Station of that system. 

Soon after his return to the employ of the city in 1884, he received the 
title of Assistant Engineer and Principal Draftsman of the Engineering 
Department and until the late 90’s his work was largely that of office super- 
vision of the preparation of plans for highway bridges, a considerable 
number of such bridges being designed and constructed during this period 
under the direction of the Boston Engineering Department. As the en- 
gineering activities of the city increased, they became in time so extensive 
as to require him to devote practically all of his attention to supervision 
of construction, leaving the preparation of designs to others, and during the 
last quarter century of his service, he supervised the construction of many 
engineering projects of large magnitude, including not only bridges but grade 
crossing eliminations, sea walls and difficult foundations. 

In the reorganization of the city departments which took place in 1911 
and resulted in the establishment of the present Public Works Department, 
Mr. Tinkham was made Construction Engineer of the Bridge and Ferry 
Division, a position he continued to hold until his death. He also served as 
Acting Division Engineer in 1914 and 1915. 

In addition to his engineering work for the city, Mr. Tinkham served as 
consultant on many bridges built in various parts of New England, on build- 
ings and on foundation problems as well as upon certain phases of con- 
struction of the Metropolitan Waterworks System. 

While his active engineering work brought him into close contact with 
City, State and Public Service engineers in the Boston Metropolitan district, 
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he was better known to the engineering profession at large, particularly in 
New England, as the genial, efficient and alert secretary of the Boston Society 
of Civil Engineers, a position which he filled with marked ability for 27 
years preceding his death. During this long period, the interests of the 
Society were always prominent in his mind. New presidents took office 
knowing that in Mr. Tinkham they would find not only a thorough know- 
ledge of the affairs of the Society and of the problems that confronted it, 
but that they would also receive his hearty and effectual codperation in any 
measure that had to do with its welfare. Members at large knew that they 
would receive from him a cordial greeting at Society meetings and sincere 
and. effective assistance in making use of the Society organization. His re- 
election year by year by general vote of the Society was a foregone con- 
clusion. 

In addition to his services for the Boston Society of Civil Engineers, 
he was for many years a member of the New England Water Works Asso- 
ciation and was also active in the affairs of the American Society of Civil 
Engineers, having twice been a member and once chairman of its Nominat- _ 
ing Committee and having served also as a member of other committees. 

Amongst other of his numerous activities may be mentioned his con- 
nection with the Civil Service Commission of Massachusetts. In 1897, 
the provisions of the Massachusetts Civil Service law were extended to 
include engineers in municipal employ and in 1902 to include also engineers 
in the employ of the Commonwealth of Massachusetts. Mr. Tinkham was 
appointed, in 1897, as one of the members of the first Board of Examiners 
for civil engineers in the Classified Service, which position he held for more 
than fifteen years. During this time his influence was exerted in placing the 
examinations for engineers upon a practicable working basis to the end that 
a man’s fitness for appointment to the various engineering positions in the 
city or state should not be based entirely upon his ability to pass written 
examinations but also upon experience and demonstrated ability. 

This paper would not be complete without mentioning Mr. Tinkham’s 
Masonic activities. As evidence of his faithful service and of the esteem 
in which he was held by his associates in the Masonic organizations to which 
he belonged, it is only necessary to cite his services as Worshipful Master of 
Washington Lodge in Roxbury, as Eminent Commander of Joseph Warren 
Commandery of the Knights Templars and as President of the Association 
which controls the Masonic Temple in Roxbury, Massachusetts. 

All who knew Mr. Tinkham have a feeling of great personal loss and 
a sudden realization of how much his unselfish, honest, untiring interest in 
the various activities, whose success was so close to his heart, is going to be 
missed. 


Freperic H. Fay. 
F, A. McINNEs. 
Committee 
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HERBERT L. HAPGOOD. 


Hersert L. Hapgoop was born in Athol, Massachusetts, February 5. 
1850. He was the son of Lyman W. and Eliza Hapgood. He was killed 
by an automobile when crossing the street near his home on the evening 
of October 8, 1921. 

Mr. Hapgood was educated in the local schools and the New Salem 
Academy, which at that time had a high rating. After graduating from 
the academy he apprenticed himself in the Baxter D. Whitney shops of 
Winchendon, Massachusetts. Here the young man’s mechanical inventive 
ability was developed. 

Upon his return home in 1874 he entered his father’s business, The 
Diamond Match Company, and carried it on until 1892. He perfected 
many patents valuable in the production of matches, a sandpapering 
machine being the most notable. 

Mr. Hapgood came of a long line of patriots, municipal leaders all. 
After retiring from active business he entered enthusiastically into the 
executive business of the Town, holding the principal office for fourteen 
consecutive years, together with the management of various other depart- 
ments, instituting some and supervising the construction of others, the 
sewage system, for instance. In 1909 Mr. Hapgood was made Superintend- 
ent of the Water Department and continued to be chairman of the board 
of commissioners, which position he had held for several years. He was 


particularly adapted to this work and it was agreeable to him. He devel- — 


oped the plant to its present efficient system and was formulating extensive 
improvements at the time of his death. The sand filter which he con- 
structed, has filtered itself into exemplary fame among Engineers. 

Mr. Hapgoed was by position, disposition and knowledge a veritable 
Town Father; naturally a student, he weighed all questions imposed upon 
him from every angle, beginning with the legal and never forgetting the 
human element. Mr. Hapgood collected and prepared much historical 
data that is invaluable to the Town and the District — his works are his 
monument, they will endure without end. 

Mr. Hapgood married Mary Josephine Proctor, in 1875; he is survived 
by his wife and two sons, Lyman P. Hapgood and Frederic H. Hapgood 
both Civil Engineers, and one daughter, Edith E. Hapgood. 
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ALFRED EARL MARTIN. 


Born September 23, 1852, at Brooklyn, Conn. 
Died February 21, 1922, at Springfield, Mass. 


In the death of Alfred E. Martin the New England Water Works 
Association loses a member of sterling worth long active in the work of 
the Association. He was elected a member of the Association April 21, 
1885, less than three years after its organization, and has rendered valuable 
service on committees from time to time, being honored by election as its 
president in 1908. 

His early education was received in the public schools of his native 
town and in Woodstock Academy, living in Connecticut until he -was 
twenty-one years of age, and teaching in some of its district schools. 

Health prevented the realizing of his ambition for an advanced 
scientific training, but he continued along technical lines, working as a 
civil engineer with J. Herbert Shedd, chief engineer of the Providence 
Water Works and Sewer department, and Howard R. Carson from, 1874 - 
to 1877. 

He was assistant engineer in charge of the Brookline main sewer, and 
in construction of a large filter basin in Lonsdale, Rhode Island; was 
engaged in sewer construction for the City of Boston, and in other con- 
struction work. 

For four years he was superintendent of the construction work on 
‘“‘ Dam No. 4 ” of the Boston Water Works at Ashland, under the immediate 
supervision of Mr. A. Fteley, C.E. 

In 1885 he became superintendent of the Framingham Water Company, 
where for eighteen years he was a vital factor in the development of the 
Framingham system. 

On March 1, 1093 hé became superintendent of the Municipal Water 
Works of Springfield, Mass., where during the nineteen years of his service 
he saw the Springfield system rebuilt along modern lines and more than 
doubled in size and service. 

During his thirty-seven years of service as a water works superin- 
tendent he was known as an excellent official and a capable, faithful and 
conscientious public servant. He was a faithful attendant at the Associa- 
tion meetings and his remarks and. counsel were always considered sound 
and carried weight of practical experience. His frank personality at- 
tracted lasting friendships, and, as the Assistant Secretary has so aptly 
stated, ‘‘ He will be missed greatly by the older members of the Association, 
and his genial manner, which was so genuine, will be a pleasant remem- 
brance of him.” 

In 1879 he married Miss Eleanor M. Flagg of Providence, who died in 
Springfield, March 8, 1917. . Besides a brother, Frank L. Martin of Brook- 
lyn, Conn., he leaves a sister-in-law, Mrs. Clara A. Kilburn, who has lived 
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with him since Mrs. Martin’s death, and four nieces; Miss Celia May 
Chase, formerly of Newton, Mass., Mrs. Andrew Sharp of Elliot, Conn., 
Mrs. Abbie Holbrook of Pomfret, Conn., and Mrs. William Farmer of 
Greenfield, Mass. 

Mr. Martin was a past master of Alpha, A.F. and A.M. of Framingham, 
a member of Springfield Commandery Knights Templar, Massachusetts 
Consistory 32, and Melha Temple, A.A.O.N.M.S., and was algo a past 
noble grand of the Odd Fellows in Ashland and a member of the Orpheus 
Club of Springfield and prominent in musical circles in both Framingham 
and Springfield. . 

He was one of the first presidents and a founder of the Public Service 
Associates of Springfield, Mass., a unique local “ get-together ” organiza- 
tion: of officials connected with public work and public utilities in that 
city, which he helped to form some ten years ago. 


ALFRED R. HatTHaway, 
Evsert E. LocuripGe, 
Committee. 
SPRINGFIELD, Mass., 
April 26, 1922. 














